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LETTER 

FROM THE 

SECRETARY OF THE SMITHSOKUN INSTITUTION, 

TBASSMirrDJO 

I7te Annual JJeport o/' ifte Nmifftsonian Institviyin for the year 1874. 



Smithsoniak Institution, 
Washington, January 20, 1875. 
Gentlemen : In behalf of the Board of Regents, I have tbe hoQor to 
sabmit to the Congress of the United States the annual report of tlie 
operations, expeaditares, and coudition of tbe Smithsouiao Institntion 
for the year 1874. 

I have the honor to be, very respectfully, your obedient servant, 
JOSEPH HENRY, 
Secretary Smithsonian Institution. 
Hon. Hbnbt Wimon, 

President of the Senate. 
Hod. J. 6. Blaise, 

Speaker of the House of Sepreaentatives. 
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ANNUAL REPORT OP THE SMITHSONIAN INSTITUTION FOR 1871. 



I'bis document contaiDs : 

1. The aonaal report of the Secretary, giving an account of th& opera- 
tions and condition of the establishment for the year 1874, with the sta- 
tistics of collections, exchanges, meteorology, &c. 

2. The report of the executive committee, exhibiting the financial 
affairs of the Institutiou, including a statement of the Smithson fund, 
the receipts and expenditures for the year 1874, and the estimates for 
1875. 

3. The proceedings of the Board of Begents. 

4. A general appendix, consisting principally of reports of lectures, 
translations from foreign journals of articles not generally accessible, 
but of interest to meteorologists, correspondents of the Institntion, teach- 
ers, and others interested in the promotion of knowledge. 
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JOSEPH HENRY, Secretar; (or Directoi) of the Inetitation. 



REGENTS OP THE INSTITUTION. 

UORRISON R. WAITE, Cbief-Juetice of tbe United States, Frmideat of the Board. 

HENRY WILSON, Tice-Preaident of the United States. 

H. HAMLIN, member of tbe Senate <if tbe United States. 

J. W. STEVENSON, member of the Seoate of the United SUtes. 

A. A. SARGENT, member of tbe Senate of the United Stateti. 

S. S. COX, member of tbe Honse of RepreseDtatives. 

E. R. HOAB, member of tbe Hunae of RepreMotatiree, 

G. W. HAZELTON, member of the House of RepresentatiTes. 

JOHN MACLEAN, citizen of New Jersey. 

PETER PARKER, citizen of Waebington. 

ASA GRAY, citizen of MnsBaebueetta. 

J. D. DANA, citizen of Connecticut. 

HENRY COPPEE, citizen of Pennsylvatjia. 

GEORGE BANCROFT, citizen of Washington. 



EXECUTIVE COMMITTEE OF THE BOARD OF REGENTS. 



PETER PARKER. JOHN MACLEAN. GEO. BANCROFT. 



MEMBERS EX OFFICIO OF THE INSTITUTION. 

U. 3. GRANT, President of the United Slates. 
HENBY WILSON, Vice-President of the United States. 
M. B. WAITE, Chief-Justice of tbe United States. 
H. PISH, Secretary of State. 

B. H. BEISTOW, Secretary of the Treasury, 
W. W. BELKNAP, Secretary of War. 

G. M. ROBESON, Secretary of tbe Nary, 
ifABSHALL JEWELL, Postmaster-General. 

C. DELANO, Secretary of the Interior. 
GEO. H. WILLIAMS, Attorney -General. 

J. M. THACHER, ComcniEsioner of F.Ltouts. 
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OFFICERS AND ASSISTANTS OF THE INSTITUTION AND 
NATIONAL MUSEUM. 



JOSEPH HENEY, Secretary, Director (^ tie InatHtOion. 
SPENCER F. BAIRD, Aaaialant Secreteay. 
WILLIAM J. EHEES, Chief Clerk. 
DANIEL LEECH, Cmreaponding Clerk. 
CLAEENCE B. YOUNG, Book-keeper. 
HERMANN DIEBITSCH, Exchange Clerk. 
JANE A. TUUNEE, Exchange Clnk. 
MAGGIE E. GRIFFIN, Recording Clerk. 
SOLOMON G. BROWN, Transporlation Clerk 



ASSISTANTS IH THE NATIONAL MUSEUM. 

F. M. Endlich, Mineralogist. 
EOBBRT EiDGWAT, Ornithologist. 

G. B. GooDE, Zoologist. 
Joseph Palmer, Taxidermist. 
T. W. Smillie, Photographer. 
Joseph Hereon, Janitor. 



Resident Collabobatobs. 
Dr. Theodore Gill, General Zoology. 
Prof. F. B. Meek, Invertebrate Pakeontology. 
Dr. B. OouES, Mammalogy and Omitkology, 
"W. H. Dall, Malacology. 
Prof. O. T. Mason, Ethnology. 
Prof. Edward Foreman, Ethnology. 
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REPORT OF THE SECRETARY, PROFESSOR HEiNRY, FOR THE 
YEAR 1874. 



To the Board of Kegents of tfie Smithsonian InsUtution : 

Gentlemen : I have again the honor to present to yon another an- 
nual report of tbe operations and condition of the Institution which the 
Congress of the United States bas placed under yonr charge. During 
the period embraced in this report, that of the year 1874, nothing has 
happened to interfere with the prosecution of the plana which have been 
adopted for "the increase and diffusion of knowledge among men." 
The Institution, having now existed upward of twenty-five years, baa 
established a character and reputation in tbe eyes of the world, the 
tradition of which will tend to perpetuate the same policy, with only 
such improvements as experience may suggest, notwithstanding the 
changes to which thepersonnel of the administration may from time to 
time be subjected. 

The following changes have taken place in the Board of Regents 
durin^f tbe year : Chief-Justice Waite bas been elected Chancellor of 
the Institution, in plaee of Chief-Justice Chase, deceased. Prof. Asa 
Gray has l>een elected Eegent by Congress in place of Prof. L. Agassiz; 
Prof. J. D. Dana, in place of Professor Woolsey ; Prof, H. Coppee, in 
place of Wilbam B. Astor; Hon. A. A. Sargent, in place of Hon. Mr. 
Trumbull ; Hon. E. E. Hoar, in place of Hon. James A, Garfield ; Hon. 
O. W. Hazelton, in place of Hon. L. P. Poland; and Hon. George 
Bancrolt, in place of General Sherman. Tbe change in the govern- 
ment of the District leaves vacant, for the present, tbe position of 
Begent occupied by the governor of the District. 

TLb resignation of General Sherman, on account of bis change of res- 
idence to Saint Louis, Mo., leaves a vacancy in the executive committee. 
It gives me pleasure to present to tbe board, as an expression of his 
feelings toward the Institution, the accompanying letter.' It Is proper 
to mention iu this connection that during the interval between the 
death of Chief-Justice Cbase and the appointment of his successor, 
Mr. Justice Clifford, of the Supreme Court, presided as Chancellor of the 
board, and with tbe Secretary signed tbe requisition for drawing the 
eemi-anuual interest from the Treasury of the United States on the Ist 
of January, 1874. 

Since the establishment of the Institution several different bequests 
have been made, intended to increase its usefulness ; but from none of 
these has anything as yet been realized, except from that of James 
Hamilton, Esq., of Carlisle, Pa., who bequeathed one thousand dollars 
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8 EEPOET OF THE SECBETABT. 

to the Board of Begents of the Smitbaoniaii Institation, the iDterest to 
be appropriated bienniall; for a coatribatioa, paper, or lecture, oo a 
scieutific or nsefnl subject. The money from thiB bequest has been 
received and placed in the Treasury of the United States, in accordance 
with the law of Gongreaa authorizing the Secretary of the Treasury to 
receive any money which the Board of Begeuta may obtain from gifts, 
or savings of income, on the same terms as those of the original beqnest. 
The first Instalment of interest of the Hamilton beqnest has just been 
received, and will be appropriated in accordance with the will of the tes- 
tator at the end of next year, and so on continually at the end of every 
two years. A statement of tbe manner of expending this income will 
be given in the accounts of the operations of the InatitnCion, with due 
credit to the donor. His name will therefore appear from time to time 
in tbe annaal reports, and tbns be kept in perpetual remembrance. 

When the public shall become more familiar with the manner in 
which the income of the additional beqaests to the Smithson fund is ex* 
pended, with the permanence and security of tbe investment, and with 
tbe means thus afforded of advancii^ science, and of perpetuating tbe 
names of the testators, we doubt not that additions to the fund in this 
way will be made until it reaches tbe limit prescribed by law of one 
million dollars. . 

Since the establishment of the Institution great change has taken 
place in the public mind as to the appreciation of the importance of ab- 
stract science as an element in the advance of modem civilization. At 
the time the beqnest of Smithson was made tbe distinction between 
original research and educational instractioi) in science and literature 
was scarcely recognized. As an evidence of this it may be stated tbat, 
in answer to a circular-letter addressed to a number of the most dis- 
tinguished writers in this country, asking what should be done witb a 
fund intended to increase and diffuse knowledge among men, tbe unan- 
imous reply was, " Establish a national university ;" the idea of a uni- 
versity being at that time au institutiou simply intended to drill youth 
in the ancient classics, in tbe elements of mathematics and physical and 
moral science. Tbe idea of an institution intended for the higher 
object of increasing knowledge, or enlarging the bounds of human 
thought by original research, had not dawned at that time upon the 
mind of tbe general public, and tbe plan proposed for realizing this 
idea was violently op[H)8ed by some of tbe most intelligent and iudu- 
ential men of tbe country. Happily, since then a great change has 
been effected both in this country and in Europe, and to effect this 
change the persistent policy of the Institntiou has contributed in no 
incuiisj<lcrable degree. The plapi adopted of applying tbe income as 
far as possible to the promotion of original i-esearch and the distribu- 
tion of a knowledge of the resnits through its publications, has received 
the appro\al of the civilized world. The (Jongress of the United States 
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Iiaa fully signified its appreciation of the plan adopted, by relieving the 
Institation fh>m tbe support of a library and the I^ational Museum. 

Congress having made an appropriation of $20,000 for the support of 
the National Museum, almost the entire income of tbe Hmithson bequest 
has been left free to carry on what is now considered the legitimate 
operations of the Institution. It was thought, however, desirable to re- 
tain a part of tbe income iu order to make up the loss of last year, oc- 
casioned by the failure of the First National Bank of Washington. The 
whole amount of deposit in this bank at the time mentioned was 
$8,224.87. On this the Institutiou bas received 50 per cent., in two pay- 
ments, leaving a balance of $4,112.43. Towai-d making up this loss, tbe 
expenditure during the year has been less than the receipts by $3,683.31. 
The funds of the Institution are therefore in a favorable condition, as 
may be seen by the exhibit hereafter to be presented. 

FINANCES. 

The following is a statement of the condttion'of the funds at tJie beginning 
of the year 1875 : 

The amount originally received as the bequest of James 
Bmithson, of England, deposited in tbe Treasury of the 
United States in accordance with the act of Congress of 
August 10, 1846 $515,109 00 

The residuary legacy of Smithson, received in 18G5, depos- 
ited in the Treasury of tbe United States, in accordance 
with the act of Congress of February 8, 1867 26, 310 63 

Total bequestof Smithson 541,379 63 

Amount deposited in the Treasury of the United States, 
as authorized by act of Congress of Febrnary 8, 1867, de- 
rived from savings of income and increase in value of 

investments 108, 020 37 

Amount received as the beqnest of James Hamilton, of 

Carlisle, Pa., February 24, 1874 1,000 00 

Total permanent Smithson fond in the Treasury of 
the United States, bearing interest at 6 per cent., 

payable semi-annually in gold 651,000 00 

In addition to the above there remains of the extra fund 
from savings, &c., in Virginia bonds and certificates, 
viz: consolidated bonds, $58,700; deferred certificates, 
$29,375.07; fractional certificate, $50.13j total $88,125.20, 

now valued at. 35,000 00 

Cash balance in United States Treasury at the beginning 

of the year 1875 for current expenses 15, 909 99 

Amount due from First National Bank, Washington, 
$4,112.43, {present value unknown.) 

Total Smithson funds January, 1875 ^*7((J,909 99 
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Oil comparing this statement with tbat made last Jannaty, it appears 
tbat the total amount of the fund haa been increased daring the year 
80,«83.31, viz : 

By the Hamilton bequest $1,000 00 

By the increased value of Virginia stock 2, 000 00 

By balance of unexpended annual income 3, 683 31 

$6, 683 31 

The Board of Kegeats and the Secretary will in future be relieved of 
all anxiety as to the safety of the semi-annual interest by the arrange- 
ment which has been made with the United States Treasurer to receive 
it as a deposit, and to make payments from it on checks of the Secre- 
tary, in the same manner as has been done heretofore in the First I^a- 
tionat Bank. 

The Institution is indebted to General Spiuner for his prompt acqui- 
escence iu the proposition and for immediately carrying it out in all the 
details necessary to facilitate its operation. 

(JODgress, at its last session, made an appropriation of $20,000 for the 
care aud preservation of the specimens in the museum, and $10,000 for 
fitting up apartments in which the specimens are exhibited. 

The uncollected coupons on the Virginia bonds held by the Institu- 
tion were sold ou the 9th of May, 1874, by Biggs & Co., with the fol- 
lowing result : 

$1,200 Virginia coupons at 77J . $9^5 50 

$2,322 Virginia coupons at 77 1,787 94 

2, 713 44 
Less charges 17 61 



$2, 695 83 
This amount was deposited with the Treasurer of the United States 
to the credit of the account of the current expenses of the Institution for 
the year. 

PUBLICATIONS. 

Since the reports of the Institution are separately distributed to many 
persons who have not reaily access to the whole series, it is necessary 
in each succeeding one to repeat certain facts which may serve to give 
an idea of the general organization of the establishment. The following 
statement is therefore repeated : 

The publications of the Institntion are of three classes, viz, the CoN- 
TEiBUTioNS to Knowledge, the Miscellaneous Collections, and 
the Anni'al Keports. The first consist of memoirs containing positive 
additions to science resting on original research, and which are gener- 
ally the result of iuvestigatious to which the Institution has, in some 



;, Google 



EEPOET OF THE SECBETART. 11 

«ay, rendered assistance. The Miscellaneoas Oollections are composed 
of works intended to facilitate the study of brancbes of nataral bistory, 
meteorology, &c., and are designed especially to induce individuals to 
engage in tbese studies as specialties. Tbe Annual Reports, besides an 
account of the operations, expenditures, and condition of the Institu- 
tion, contain translations from works not generally accessible to Amer- 
ican students, reports of lectures, extracts Axim correspondeuce, &c. 

The tbilowing are tbe rules which have been adopted for the distribu- 
tion of the several publications of the Institution: 

1st. Tbcy are presented to learned societies of the first class which in 
return give complete series of their publications to the Institution. 

2d. To libraries of the first class which give in exchange their cata- 
logues and other publications, or an eqnivalent from their duplicate 



3d. To colleges of the first class which furnish catalogues of tbeir 
libraries and of their students, and all other publications relative to 
tbeir organization and history, 

ith. To States and Territories, provided they give in return copies of 
all documents published under their authority. 

5th. To public libraries in this country, containing 15,000 volumes, 
especially if no other copies are given in the same place ; and to smaller 
libraries where a large district would be otherwise unsupplied. 

6th. To institutions devoted exclusively to tbe promotion of particu- 
lar branches of knowledge are given such Smithsonian publications as 
relate to thoir respective objects. 

7th. The Annual Reports are presented to the meteorological ob- 
servers, to contributors of valuable material to tbe library or collections, 
and to persons engaged in special scientific research. 

The distribution of the publications of the Institution is a matter 
which requires much care and judicious selection, tbe great object being 
to make known to tbe world tbe truths which may result from the ex- 
penditure of tbe Smithson fund. For this purpose the principal class 
of publications, namely, the Contributions, must be so distributed as to 
be accessible to the greatest uumber of readers, and this will evidently 
be to large central libraries. 

The volumes of Ooutributions are presented on the express condition 
that, while they are carefully preserved, they shall be accessible at all 
times to students and others who may desire to consult them, and be 
returned to the Institution in case the establishments to which they are 
presented at any time cease to exist. These works, it must be recol- 
lected, are not of a popular character, bat require profound study to 
fully understand them ; they are, however, of importance to the |>ro- 
fessional teacher and the popular expounder of science. They contain 
materials from which general treatises on special subjects may be elabo- 
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Fait sets of the pabllcatiooH cannot lie given to all who apply for tbem, 
since this is impossible with the limited iucome of the InstitutioQ ; and, 
indeed, if care be not exercised in the distribation, ao large a portion of 
the income would be annnally expended on the production of copies for 
distribution of what has already beeu published, that nothing Ihrther 
coaid be donein the way of new publications. It must be recollected that 
every addition to the list of distribution not only involves the giving of 
publications that have already been made, but also those which are to 
be made hereafter. 

At the commencement of the operations of the Institution the publi- 
cations were not stereotyped, and consequently the earlier volumes have 
now become scarce, especially the first, of which there are now no copies 
for distiibution, although it can occasionally be obtained at a second- 
hand hook-store in one of the larger cities. 

No copyright has ever been secured on any of the publications of the 
Institution. They are left free to be used by compilers of books, with 
the understanding, however, that full credit will be given to the name 
of Smithson for any extracts which may be mede from them. This 
condition is especially insisted on, because the credit thus required is 
important as evidence to the world of the proper management of the 
Smithson fund. In many cases credit is given merely to the author 
without mentioning the name of the Institution; this is not just, since, 
as a general rule, the income of the establishment is applied not only to 
the publication of the article but also to assist in its production. 

Publications in 1874. — During the past year the nineteenth volume of 
the quai'to series of the Smithsonian Contributions to Knowledge has 
been published. It contains the following paiiers: 

1. Problems of Eotary Motion presented by the Gyroscope, the Pre- 
cession of the Eqniuoses, and the Pendulum. By Brevet Maj. Gen. J. 
G, Barnard. 4to., pp. 74. 

2. A Contribution to the History of the Fresh- Water Algae of Forth 
America. By Horatio C, Wood, jr., M. D., professor of botany and 
clinical lecturer on diseases of the nervous system in the University of 
Pennsylvania. 4to., pp. 21i, 21 colored plates. 

3. An Investigation of the Orbit of Uranus, with General Tables on its 
Motion. By Simon Xewcomb, professor of mathematics. United States 
Mavy. 4to., pp. 296. 

This volume, of which the several memoirs have been described in 
previous reports, will not only sustain, bat increase the reputation of 
the Institution for its contributions to the science of the day. The me- 
moirs which it contains have been received with manii'eat interest by 
the scientific world, and recognized as positi\'e additions to knowledge 
resting on original investigation. 

Besides the uificteenth volume of the Contributions to Knowledge, 
the etevcnth and twelfth volumes of Miscellaneoas Collections have been 
published daring the year. 
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The eleventh volttme of MiscellaneotiB GollectioDS consists of 7iJ9 
octavo pages, and contains the following articles : 

1. Arrangement of the Families of Mammals, with Analytical Tables. 
Prepared for the Smithsonian Institution by Theodore Gill, M, D., Ph. D., 
pp. 104. 

2. Arrangement of the Families of Fishes, or classes Pisces, Marsiix)- 
branchji, and Leptocardii. Prepared for the Smithsonian Institution by 
Theodore Gill, M. D., Ph. D., pp. 96. 

3. Monographs of the Diptera of iN'ortb America; Part HI, Ortalidte 
Family. Prepared for the Smithsonian Institution by H. Loew ; four 
plates, pp. 376. 

4. Directions for collecting and preserving Insects. Prepared for the 
use of the Smithsonian Institntion by A. S. Packard, jr., M. D., pp. GO. 

5. New Species of North American Coleoptera. Prepared for the 
Smithsonian Institatiou by John L. LeCoute, M. D. ; Part II, pp. 74. 

6. Classification of the Coleoptera of North America. Prepared for 
the Smithsonian Institntion by John L. LeConte, M. D., pp. 72. 

Tbe tweyth volume of Miscellaneons Collections consists of 767 octavo 
pages, and contains tbe following articles : 

1. Beview of American Birds, in tbe Museum of tbe Smithsonian 
Institution ; Part I. By S. F. Baird, 1864-1872, pp. 484. 

2. Tbe Constants of Nature ; Parti. Specific Gravities; Boiling and 
Melting Points; and Chemical Fonnulse. Compiled by F. Wiggleaworth 
Clarke, S. B. December, 1873, pp. 272. 

3. Rules for the Telegraphic Annondcements of Astronomical Discov- 
eries. By Prof. Joseph Henry. April, 1873, pp. 4. 

Since the publication of the 19th volume of Smithsonian Contributions, 
a memoir, of 32 qnarto pages, has been printed and distribnted, which 
will form part of the 20th volume. This is by Prof. S, Newcomb, of the 
National Observatory, Washington, on the " General Integrals of Plan- 
etary Motion" — an abstruse mathematical worli, of which the nature is 
indicated in its title. It gives a series of suggestions and new investi- 
gations relative to the methods of determining the motions of celestial 
bodies as affected by interplanetary perturbations. It is in part an ex- 
tension and generalization of two former papers by the same author, 
the first published in Liouvllle's Journal, vol. XVI, 1871, and tbe second 
in the Com ptes- Rend ns, vol. LXXV. It was submitted to Prof. H. A. 
Newt«n, of Yale College, and Mr. G. W. Hill, of Nyaek, N. T., for criti- 
cal examination, and received their unqualified approval for pablicatioa 
in the Smithsonian Gontribntious to Knowledge. 

Another paper, intended for the twentieth volume of Contributions, 
which has been printed and distributed during tbe past year, is by 
James G. Swan, on the Haidab Indians of Queen Charlotte Islands. 
It consists of 18 quarto pages, and is illustrated with five plain and two 
colored plates, to represent the carved posts or pillars raised in front of 
tlio bouses of the chiefs, and various tattoo designs copied £rom the 
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bodies of the Indians. This paper was described Id the last report. Ife 
may, however, be here mentioned that it is of special interest in conneo- 
tiou with the large number of ethnological specimens received during 
the past year from the uorthwest coast. 

Another work pablished during the year is the third of the Toner- 
lecture series. It is by Dr. J. M. DaCosta, of Pbiladelpliia, on the strain 
and over-action of the heart, and forms 32 octavo pages, illustrated by two 
wood-cuts. These lectures, as has been stated in previous reports, have 
been instituted at "Washington by Dr. Joseph M. Toner, and are confined 
to such memoirs or essays relative to medical science as contain some 
new truth fully established by experiment or observation. It is proper 
to remark that of this course of lectures only two have been published, 
the first and the third, the author having not yet furuisbed tbe manu- 
script of the second. To defray, in part at least, the cost of printing 
these lectures, it has been thought advisable to charge for them 25 cents 
a copy to Individuals who have no special claim on the Institution by 
having contributed meteorological observations or additions to the col- 
lections. 

Another work printed during the year is a list of the publications of 
tbe Institution to July, 1874, exhibiting 297 distinct articles, arranged 
first numerically, and secondly in regard to the subjects as given in the 
titles. It forms an octavo of 26 pages. An edition of 2,500 copies of 
this work was furnished to the "Publishers' Trade-List Annual" for 
1874, (New York, October, 1874,) and through this medium the list of 
publications of the Institution will become known to all Iwoksellers aud' 
librarians in the United States. 

An edition of 250 copies of tables selected from the volnme of Physi- 
cal aud Meteorological Tables, prepared aud published some years since 
at the expense of the Institution, has been printed for the use of the 
Argentine Meteorological Observatory at Cordoba, under the direction 
of our distinguished countryman, Dr. B. A. Gould. 

PuUicationa in the press; I. Tbe Antiquities of Tennessee, by Dr. 
Joseph Joues, of which an account was given in the last report. Of 
this the wood-cuts have been prepared, and it is expected that the 
printing will be finished iu the course of the present year, 

2. A Memoir on the Harmonies of the Solar System, by Prof. Stephen 
Alexander, of the College of New Jersey. 

In this communication the author divides his subject into three sections. 
Section I begins with the statement that Kepler's third law is ordinarily 
expressed by saying that the squares of tbe periodic times of the sev- 
eral planets of the solar system are to one another, respectively, as the 
cubes of their distances &om the suu ; but from this we do not learn 
tbat there are any laws determining the ratios of the distances them- 
selves, and it is one of the main objects of the present discussion to 
show that such laws exist, and precisely what they are; generality and 
precision being characteristics of every law of nature. 
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The author discasses anew the expressed Talaes of the distances in 
qoestioii, in view of the fact that Kepler's third law is itself slightly 
modified by the consideration due to the tnaasea of the revolving bodies. 
After an exhibition and discussiou of the appropriate formula, the 
aathor arranges the results in the form of a table ; in which the rosulta 
thas shown are respectively consistent with two vataes of the solar 
parallax, viz, Professor Newcomb's value, )r = 8".848, and that which 
others prefer, x = 8".78. 

Section II exhibits the laws of arrangement of the distances, both of 
planets and their satellites, from their respective centers of attraction, 
without the introduction in the same connection of any physical hy- 
pothesis on which those laws seem to be founded or of which they are 
tbo. exponents. 

From a comparison of the several distances of the planets, taking five- 
ninths of the distance of Neptune from the center of attraction and five- 
ninths of this product, &c., he finds among the several terms of the 
geometrical series thus formed, those which represent the relative dis- 
tance of Saturn and Jupiter, also a position among the asteroids and 
those which represent the distance of Mars, and of Mercury in aphelion. 
There are, however, in the geometrical series just mentioned, terms 
which do not find their correspondences in the series of distances of the 
planets, but which the author very ingeniously supplies by attributing 
to certain of the planets the characteristic of half planets, the term 
pertaining to them being indicative of the distance between the two 
planets at which their masses would be united. 

Section III exhibits an explanation of the phenomena founded on the 
nebular hypothesis of La Place, which seems to reconcile and account 
for the laws in question as well as a number of other phenomena. 

Approximation to these laws have, from time to time, been eshibited 
by the author of this paper to the American Association for the Advance- 
ment of Science at several of its meetings, beginning with that at 
New Haven, in 1850 ; but it is only within the past few months that the 
entire form and consistency of the results have been quite fully made out. 
The principal part of the memoir was read before the National Acad- 
emy of Sciences at its meeting in April, 1873, and some additional por- 
tions of the same at the meeting in April, 1874. In accordance with 
usage in sucli cases, the work was accepted for publication in the 
Smithsonian Contributions to Knowledge. 

3. The Winds of the Globe, by the late Prof. J. n. Coffin, prepared at 
the expense of the Institution, relative to which further iuformatiun will 
be given under the head of meteorology. Of this, 250 quarto pages 
have been stereotyped, and the whole work, which will form an entire 
volume of the Smithsonian Contributions to Knowledge, will be published 
during the year 1875. 

4. The Temperature-Tables of the North American Continent, prepared 
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at tbo expense of tbe Institation, QDder the directioD of Mr. G. A. Scbott. 
Of this, 100 pages have been stereotyped. 

Of the octavo pablications there are in press : 

1. The monograph oo the AmericoD Fesituft? or wasps, by Professor 
do Saussure, of Geneva. Of this a fnll account was given in tbe last 
report. The rapidity of prioting in this case is diminished by tbe neces- 
sity of sending tbe proof-sheets to Switzerland. Tbe work has been 
stereotyped as far as tbe 236tb page, and we trust will be completed in 
the coarse of a few mouths. 

Tbe Botanical Index, of which a notice was given in the Beport for 
1870, has been commenced, and 72 x^ages printed. This work is a com- 
plete index to all the species of plants of IiTortb America^ with tbeir 
synonyms, and all descriptions and important references to them. It is 
intended to facilitate tbe labors of working botanists, especwily in the 
study of our western plants, the search for what has been written in 
regard to them requiring in many cases nearly as much time and labor 
as all the rest of their work. 

As a further contribution to tbe " Constants of Mature" mentioned in 
tbe last report, Prof. F, W. Clarke has furnished an additional series of 
tables of specific beat and of expausion by heat for solids and liquids. 
We have also received from our collaborator, Prof. John L. LeConte, of 
the University of California, a series of constants relative to the weight 
of air, pressure of the atmosphere, length of seconds, pendulum-velocity 
generated by gravity iu a mean solar second of time at various places, 
velocity of sound, &c. It is the intention of the Institution to continue 
this work, and to endeavor to enlist other co-laborers in its prosecution. 



Meteorology. — It was stated in the last report that the meteorological 
system of records by voluntary observers, which had been in operation 
under the direction of the Institution for about tweuty-flve years, had 
been transferred to the signal-office of the War Department, ander Gen- 
eral A. J. Myer. This transfer was made iu accordance with the general 
policy of tbe Institution, namely, that of abandoning any field of enter- 
prise as soon as the work could be dene as well through other agencies, 
thus reserving the energy of the establishment for labors which required 
more aid in their accomplishment. We think this transfer has received 
the approbation of observers generally; who also, while they are now 
co-operating with the Signal-Service, still keep up their correspondence 
with the Institution on subjects of general scieutific interest. The 
labors of the Institution in the line of meteorology are now confined 
to working np the material which it has collected during the lasb 
quarter of a century. The materials, however, are not limited to that 
period, but embrace everything that could be obtained on the subject 
from the records of previous observers. 
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The first work of this class which has been puhlished is that of the 
the Eaiu-fall. It iucluded all the material which had beea collected 
dowD to 1866. It is now proposed to publish a new edition of this 
work, containing the additions since made, with improved maps, on a 
larger scale. 

The next work of the same class is that on the Winds of the Globe, 
comprising the result of the discussion of not only the observations 
made nnder the direction of the Smithsonian Institution in the United 
States, but of those of every other part of the world of which the records 
were attainable. This work, to which the labors of Prof. J. H. CofQu, of 
Jjafayetbe College, were for many years devoted, was nearly completed 
at the time of his death, has been continued by his son, Prof. Selden 
J. GofBo, and is now in the press. Very little, however, was done by 
the elder Coffin in the way of stating, in general propositions, the results 
contained iu the large number of tables which he had elaborated. To 
enpply this deficiency the Institution has fortunately been enabled to 
avail itself of the assistance of Dr. A. Woeikof, member of the Geo- 
graphical Society of Russia, and late secretary of its meteorological 
commission, who, visiting this country for the study of its climatology, 
cheerfully undertook the required task. 

The printing of this work is very expensive. It will occupy au entire 
volume of the Smithsonian Contributions, and comprise upward of 600 
quarto pages of tabular matter, besides the letter-press. It will, how- 
ever, we are confident, form a contribution to knowledge which will 
be a lasting monument to the industry of Professor Coffin and to the 
policy of the Smithsonian Institution.' 

The next work of the same class is that on the Temperature of the 
United States. It has been in progress at the expense of the Institu- 
tion for a number of years. It includes the result of the discussion of 
all the observations which have been made in this country from the 
earliest times down to the present. It is illustrated by three maps of 
isothermal spaces — one exhibiting the annual, another the snmmer, and 
the third the winter distribution of temperature — and a number of 
diagrams incorporated in the text. It has been from the first under 
the direction of Prof. Charles A. Scbott, of the Coast Survey, assisted 
by a uumber of computors, at the expense of the Smithson faud. TLe 
maps have been drawn and are in the hands of the engraver, and the 
whole work will be printed and distributed during the present year. It 
will form the first trustworthy approximation to an exhibition of Ibe 
temperature of the various portions of the United States which has evir 
been published. The preparation of it has been more expensive than 
any other work ever undertaken by the Institution. 

Another work in progress is that relative to the geographical distri- 
bution in the United States of thunder-storms, the frequency of their 
oecurreuce in different seasons, and effects produced by discharges of 
lightning, as compiled from all the records of the Institution during 
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tTventy-five years. The prelimioary tabor was the collectioQ and arraoge- 
meut of a full list of statious at whiob thuDder-storms have beeu recorded, 
the uamber of observations at each place, the time of begiuDiDg and 
ending of each storm, and the whole number of thniider-Btorms occnr- 
riDg in each year, and during the whole time at each place. From these 
data the relative frequency of thunder-storms in different parts of the 
country can be determined ; also their relative frequency in different 
seasons and years, as well as the extent of the area over which they 
occur ou the same day. The attending casualties, collected from all the 
observations mode by several hundred observers daring a period of 
twenty-five years, when brought together and classified, will strikingly 
illustrate the operations of one of the most energetic i^nts of nature. 

For the preliminary arraugement of the materials preparatory to 
scientific deductions from them, the Institntiou has employed Mr. George 
H. Boebmer. 

Another series of rednctions relative to the meteorology of S^orth 
America which will occnpy the attention of the Institution is that of 
the. discussion of the observations on the barometer in various parts trf 
the United States. This will be commenced as soon as the other series 
of investigations are completed. 

Comets, — The first research relative to these I have to mention is that 
relative to a comet of short period or one that returns after a few years. 
Of these, there are at present six known, namely, Eocke^s, which has a 
period of about 3J years; Winnecke's, of between 5 and 6 years; Biela's, 
of 63 years; Faye's,of7| years; Tattle's, of 13^ years; and Halley's, of 
about 76 years. 

All the other comets which have entered the solar system have never 
beeu known to return, their orbits having probably, in many cases, 
been changed by the perturbations of planets in whose vidnity they 
may have passed. 

The motion of the periodical comets is an object of great interest to 
the astronomer, as well as to the general physicist, in its relation to 
the question of the existence of a retarding medium filling interplau- 
etary spaces, and therefore it is considered an object of much importance, 
not only to observe their successive positions at their periodic returns, 
but also to calculate with great precision their orbits as affected by 
planetary perturbations. At a meeting of European astronomers in 
August, 1873, the work of discussing all the observations which have 
been made on four of these comets was parceled out among the conti- 
nental astronomers, HiiUey's comet having previously received great 
attention from the Guglisb and other astronomers ; and the fifth, that 
of Tuttle, discovered by an American astronomer, w'as left to be worked 
out lu this country. This task baa been undertaken at the expense of 
the Smithsonian Institution, ander the direction of Prof. Ormond Stone, 
late of the National Observatory, and now professor of astronomy in the 
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University of Ciocinnati. Professor Stone has chosen for this work a 
Bumber of assistants, and wilt proceed with the reduction and discussion 
of the observations made on this comet at its several returns as rapidly 
as bis other labors will permit. 

The perturbations of'tbe first order have been calculated, and the zero 
stars used in determining the place of the comet at the time of its last 
return in 1871 have been re-observetl with the Washington meridian 
circle. An accurate determination of the orbit traversed by this comet 
in 1871, as based on the corrected position of these stars, has been in 
part completed. 

In this connection it may be interesting to state that of the one hundred 
and forty" asteroids discovered during this century, forty-two were first 
observed by American astronomers. IE is not enough, however, that 
these bodies should be noted as planets, and their positions marked in 
the heavens for a given epoch ; it is also necessary that their orbits 
should be accurately determined, and au epbemeris of each of them cal- 
culated by which its place can be ascertained at any future time. This 
work, however, ia one, as it were, of approximation, and must be con- 
tinued through a series of revolutions of each planet. In regard to the 
asteroids discovered in Europe, the investigation of them ia under the 
charge of European wtronomers j while for the investigation of those 
discovered in America, Congress has made an appropriation for the last 
three years, to be expended under the direction of Professor Gof&n, 
director of the American Kaatical Almanac. 

Efficiency of steam-heaters. — ^Another investigation, at the partial ex- 
pense of the Smithsonian InstitutifHi, has been undertaken under the 
direction of General W, B. Franklin, late of the United States Army, 
at the Colt's Fire-Arma Manufacturing Company, Hartford, Conn., by 
Mr. C. B. Bichards, of which the following is an account: 

The experiments which are proposed will be in continuation of two 
aeries already made, to ascertain the relative efficiency of the different 
kinds of steam-heaters used for warming buildinga, and to determine 
also the laws of their operation. The first series related to what are 
known E3 " direct radiators," and in these the heaters were exposed in a 
large room whose temperature could he changed and regulated as desired. 
In the second series the heaters were of the kind called " indirect radi- 
ators," and were inclosed in a flue through which currents of air were 
passed. The initial and final temperatures, the barometric pressure, 
and the moisture of the air were noted, and the quantity passed through 
the flue was measured by a Casella meter. 

In both series the pressure of the steam was measured by an accurate 
mercury coin ma, am d its temperature was noted, while the heating effect 
of the heater was calculated from data obtained by collecting, cooling, 
and weighing the water of condensation obtained from the steam which 
was passed through the heater. 

'Siuce the above was written two additional oateroida have been discovered. 
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Very satisfactory and consistent results were arrived at from the first 
series. But in tUe secoud series, the cost of the apparatna, the many 
different circnmstances which it was necessary to take into account, 
the consBijuent greater care and time required in the investigation, and 
a lack of money with which to pursue tlie inquiry to the proper point, 
prevented the establishment of trustworthy data. 

The importance of deciding the questions which it is the speciSo obr 
ject of these experiments to answer need not be urged. There is, how- 
ever, one interesting circumstance which, among others, was observed, 
and which may be of importance outside the principal question. This 
relates to the determination of the condition of the steam as regards 
its dryness when it entered the heating apparatus; and, as a small 
quantity of steam was occasionally allowed to escape after it had passed 
through the heater, {in order to carry off air,) it was also desirable to 
ascertain whether any very considerable amount of water, in the condi- 
tion of mist, was carried away by this escaping steam. 

Hirn's method was employed in these determinations. Although the 
apparatus for this purpose was crude, and for precise experiments would 
require to be much improved,theexperiment8seemed to indicate clearly 
that the steam was nearly if not quite as dry, afder passing over the 
condensing surface of the heater, as before ; that is to say, its " misti- 
ness " was not increased by its passage over a large extent of condensing 
surface. These results, if fully verified by a longer series of experi- 
ments with better apparatus, would indicate that there is a fallacy in 
the generally -entertained idea that "wet steam" is supplied to an 
engine If the originally dry steam is led through a long pipe. 

Tbe records of the experiments are volnminons, and it is intended to 
tabulate them, and to represent the results by curves when the whole 
are completed. 

Elevations. — It has been mentioned in previous reports that the In- 
stitution ha6 been at considerable expense in collecting the profiles of 
canal, railroad, and other snrveys, in order to the construction of a to- 
pographical map of the United States, The charge of this work was 
given to Mr. Nicholson, topographer to the Post-Office Department, but, 
owing to the absorbing nature of his official duties, be has been unable 
np to this time to complete it. In the mean while Mr. Gardner, of the 
Hayden expedition, has rendered an important service to this investiga- 
tion by settling, through critical comparison of various surveys, the actual 
height of several important places in the interior, which will hereafter 
serve as points of departure for other surveys. 

Natural History and Ethnology. — Various researches have been made 
in natural history and ethnology, the actual expense of which has 
been defrayed by the Institution, without salary, however, to tbe person 
in charge of the work ; an account of which will be given in a subse- 
quent part of the report 
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INTERITATIONiX EXCHANGES. 



The SmithsoDiaD sf stem of intemational escbange still contiuues to 
render an important service to the advance of civilization, and emphat- 
ically to carry out the second claase of the will of Smitbaoo for the in- 
crease and diffusion of knowledge among men — that ia, mankind. It is 
the medium of exchange of literary and scientific materials between the 
United States and all foreign countries. 

The effect of this 8yst«m on tbe diffusion of knowledge can scarcely 
be too highly estimated. Thousands of works, containing tbe details of 
the latest inventions and discoveries, are through its means annually 
brought to this country, while a knowledge through the same medium 
is disseminated abroad of everything that is doing in the United States 
to promote a higher civilization. 

As an evidence of the-high estimation in which this part of tbe opera- 
tions of tbe Institntion is regarded, we may again mention that tbe 
JSmithsonian packages are passed through all tbe custom-houses of tbe 
world free of duty and without examination, and, moreover, tbat tbey 
are transmitted free of cost by the principal transportation companies, 
namely : 

Hamburg American Packet Com- 



French Transatlantic Company. 
North Baltic Lloyd Steamship 

Company. 
Inman Steamship Company. 
Cunard Steamship Company. 
Anchor Steamship Company. 



Pacific Mail Steamship Company. 
Panama Railroad Company. 
Pacific Steam Navigation Com- 
pany. 
Sew York and Mexico Steamship 

Company. 
New York and Brazil Steamship 

Company. 
North German Lloyd Steamship 

Company. 

Tbe special tbanks of the Institution are again due to tbe above-men- 
tioned companies for their enlightened liberality. 

The following are the foreign centers of reception and distribution of 
the Smithsonian exchanges : 

Loudon — Agent, "William Wesley, 28 Essex street. Strand. 

Paris — G. Bossange, 16 rue du 4 Septembre. 

Jjuipsic — Dr. Felix FlUgel, 12 Sidonien Strasse. 

St. Petersburg — L. Watkins & Co., 10 Admiralty Place. 

Amsterdam — F. Miiller. 

Milan — U. Hoepli, 591 Galeria Cristoforia. 

Harlem — Prof. Baumbauer. 

Christiana — Eoyal University of Norway. 

Stockholm — BoyaJ Swedish Academy of Sciences. 

Copenhagen — Eoyal Danish Society. 

The following table exhibits tho number of foreign establishments; 
with which tbe Institution is at present in correspondence, or, in other 
words, to which it sends publications and from which it receives others 
in cctum : 
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Norway 

loetaad 

Deiinia:^ 

Holland"!^!^'! 

Gennany 

Greece 

Tnrkov 

Africa 

Auetralirt 

New Zealand -. 

Polyueaia 

8witzer]iiiid . . . 
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Number o/ Foreign Correspondinff Tnslititlions. 
, aO Belginra 



Italy :.... 

Portugal .' 

Great Britain and Ireland.. 

Son tb America 

yfeet Indies , . 

Muxico 

Central America 

British America . ■• 

General . 



Total- 



The table in itself is interesting as indicating tbe relative attention 
f^ven to literature and science at tbe present day in ttie diflerent coun- 
tries of the world. 

During the past year 4,326 packages, each containing several articles, 
have been received from abroad for distribution to institutions and 
individuals in this country. 

One hundred and forty-one boxes, averaging 7 cubic feet each, with a 
total weight of 29,600 pounds, were sent abroad by the Institution dur- 
ing the year, viz : To Germany, 40 ; £lnglaud,50; Sweden,5; Norway, 
3 ; Denmark and Iceland, 4 ; France, 11 ; Eassia, 7 ; Holland, 5 ; Bel- 
gium, 5; Anstralia, 11 ; Italy, 3; Cuba, 2; Brazil, 3; Liberia, 1 ; Egypt, 
i ; Canada, 10. 

The total nuQiber of separate parcels contained in these boxes was 
about 10,000. 

To facilitate the business of the exchanges, the following rules have 
been adopted : 

1. Every package, without exception, must be enveloped in strong 
paper, and secured so as to bear sepaiate transportation by express or 
otherwise. 

2. The address of the institution or individual, for whom tbe package 
is intended, must be written legibly on the cover, and the name of the 
sender on one comer of the same. 

3. So single package must exceed the half of a cubic foot in bulk. 

i. A detailed list of addresses of all the parcels sent, with their con- 
tents, must accompany them. 

5. No letter or other communication can be allowed in the parcel, 
excepting such as relates exclusively to tbe contents of tbe package. 

6. All packages must be delivered in Washington free of freight aud 
other expenses. 

7. Every parcel should contain a blank acknowledgment, to be signed 
and returned, either through the agent of the Institution, or, what is 
still better, through the mail, to the sender. Should exchanges be de- 
sired for what is sent, the fact should be explicitly stated ou the list of 
the contents of the i>ackage. Much disappointment is frequently ex- 
pressed at the absence of any return in kind for transmissions; but un- 
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less these are specifically asked for tbey will fail id many iostaDces to 
be made. It will facilitate the labors of the Iiistitution very greatly if 
the number correspoudiug to the several addresses ia tbe SmithsoDiaa 
printed catalogue* be marked on the face of each parcel ; and tor this 
purpose a copy of the catalogue will be forwaixled to all who apply for it. 

Si>ecimeD8 of natural history will not be received for transmission un- 
less with a previous understanding as to their character and bulk. 

8. Unless all these conditions are complied with the parcels will not 
be forwarded ftx>m tbe Institution; and, on tbe failure to comply with 
the first and second conditions, nill be returned to the sender for cor- 
rection. 

The operations of the system of exchange -have increased from year 
to year, and notwithstanding the liberal assistance received from trans- 
portation companies, it now absorbs nearly a seventh part of the entire 
income of the establishment. In order to improve its efGcieoey and the 
frequency of transmission of packages, a larger proportion of the income 
will be required. In view of these facts, the Secretary at the last session 
of the Board of Begents was authorized to receive aid from societies 
and individuals in defraying the heavy expense of this part of the oper- 
ations of the Institution. 

Miss Jane Turner, sister of the late Prof. W. W. Tiirner, the well- 
known philologist, continues to have charge of receiving and cata- 
logning the exchanges intended for the library of tbelustitation, and of 
distributing those for other parties. 

The receiving, packing, and shipping of the packages from different 
parts of the United States intended for foreign conntries, is mider the 
charge of Mr. H. Diebitsch. 



In 1866, the library of the Institution was incorporated with that 
of Congress. This arrangement is still continued, and is beneficial to 
both establishments. The 8mithson fund is relieved from the mainte- 
nance of a separate library, while at the same time the Institution 
has the use not only of its own books but of those of the Library of C/on> 
gress. On the other hand, the Library of Congress is enriched by an 
entire department, that of books relating to modern science. 

The following is a statement of the books, maps, and charts received 
by exchange in 1874: 
Volumes: 



Octavo, or less . . . 
Quarto, or larger . 



'Miscellaneous Collection 8, No. 343. 
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Parts of volnmes : 

Octavo, or less 1,607 

Quaj to, or larger 1, 359 



Octavo, or less 1,962 

Quarto, or larger 593 

1,535 

Maps aud charts 162 

Total receipts 5, 54> 

Amoug the priocipal donations received in 1874, are the followiag ; 

From the Company of Pablic Works of the Mediterranean : " Bassin^ 
de Kadoab de Marseille. Notice sur Pes^cution des travaux," with au 
atlas of 40 plates, (2 copies.) 

From the Argentine Confederation : " Description g^ograpbique et 
Btatistique de la Confederation Argentine, par Y. de Moussy," vols, i-lii, 
with folio atlas. 

From the National Huagariau Museum, Buda-Pesth: "Monuments 
epigraph i<}ues du Mus4e National Hongrois, dessin6s par Ernest Ses- 
jardins," 1 vol., folio, Buda-Pesth, 1873. 

From the Imiierial Archaeological Comtnission, St. Petersburg : 
" Compterendu de la Commission Impgriale Archfelogique," for 1870 and 
1871, with folio atlas. 

From the Icelandic Literary Society, "Eeykjavik Skirnir," 1874: 
" Skyrsla um Forugripasafu Islands i Reykjavik," vols, i, ii, 1863-1870. 
Copenhagen, 1868, 1874. "Fyettir fra Island!," 1873. Reykjavik, 
1874, 8vo. 

From the Universities of Berlin, Bonn, Erlangeo, Freiberg, Gottin- 
gen, Greifswald, flalle, Jena, Leipzig, Marburg, Bostock, Wiirzburg, 
Basel, Bern, and Zurich : Inaugural Dissertations for 1873. 

From the Hydrographic Department of the Ministry of Marine, St. 
Petiersburg ; 23 charts, 10 volumes, aud 6 pamphlets. 

From the Veterinary School, Dorpat, 48 pamphlets. 

From the British Museum, London, "Catalogue of Greek Coins, 
Italy," 1873, 8vo.; " Catalogue of Roman Coins in the British Museum, 
Roman Medallions," 1874, 4to.; "Catalogue of Prints and Drawings," 
Division I. "Political aud Political Satires," vol. ii., 1869-1873, 8\'o.; 
" Fac-similes of Ancient Characters," 1873, folio ; " Catalogue of Birds," 
vol. i, 1874, 8vaj " Hand-List of Seals, Morses, Sea- Lions, etc.," 1874, 8vo.; 
i' Hemiptera, Heteroptera," vol. viii, 1873, 8vo.; and various guide- 
books. 

From the Board of Admiralty, London, 28 charts published by the 
Hydrographic OfBce, from January, 1873, to January, 1874 ; " The 
China Sea Directory," vol. iv ; "The Mediterranean Pilot," vol. i; 
" Red Sea Pilot," 1873 ; " Tide-Tables," 1874 ; " Nautical Almanac for 
1878 i" and 10 lists of lights. „ 
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From the Overijssel Society for the Promotioo of Provincial "Welfare, 
Zwolle, 8 volumes, 8 parts, and 5 pamphlets. 

From tlie Royal Statistical Bureau, CopenhageD, " Statistiak Tabol- 
voerk," vols, xx-xxvi, (2 copies ;) " Sanimendrug," etc., 10 parts. 

From Messrs. Bobert and Alexander Stnart, New York, " Auti-Nicene 
Christian Library ; Translations of the Writiogs of the Fathers down 
to A. D. 325," 24 volumes. 

From the Ministry of Agriculture, Industry, and Commerce, Bome, 
10 volumes and three pamphlets published by the departmeot. 

From the Central Bnreau of Statistics, Stockholm, " Bidrug till sver- 
iges officiela Statistik," 22 parts. 

From the Medico-Ohirurgical Society of Modena, 27 medical pam- 
phlets. 

From the Norwegian Government, " Norges OfiBciela Stafistik," 1873, 
13 parts, 4to; and 4 volumes on Norwegian Statistics. 

From the State library of Virginia, 9 volumes of State documents. 

In addition to the books which have been received, we are indebted 
to Major-General J. H. Lefroy, governor of Bermuda, a sjfecial friend 
of the Institution, for a series of manascrii>ts procured by him during 
a late visit to England, and presented through him by bis relative, Mrs. 
Dundas, of Canon Hall, Larbert, K. B. 

The following is a report on these manuscripts by Mr. Spofford, Li- 
brarian of Congress : 

" These original records form a collection of the highest interest and 
value as materials of personal and political history at a period which 
mast ever remain the most important era in the annals of the United 
States. One of the volumes contains twelve reports submitted to the 
lords of Her Majesty's treasury, by John Wilmot, Colonel Dundas, and 
the other commissioners, upon the losses and services of the claimants 
who were loyal to the British crown during the revolutionary war, and 
who were after\vard indemnified by act of Parliament. Six reports in 
addition, signed by Colonel Dundas and Mr. J. Pemberton, commission- 
ers, and extending from A. D. 1784 to 1789, are also embraced. Thirty- 
four ofthe manuscript volumes coutaina large amountand variety of facts 
and testimony regarding th&landed possessions and personal property ot 
hundreds of British subjects in the New Englaud States, as well as in 
New York, New Jersey, Pennsylvania, etc. As most of these papers 
have never been published, they are the more valuable and original and 
unique repositories of information regarding the persona to whom they 
relate, the descendants of many of whom still survive among the people 
of the United States." 

The edition of the volume of the catalogue of Transactions of Learned 
Societies, origiuEdly prepared by the Institution, containing a list of the 
works of this branch of bibliography, deposited in the Library of Oou. 
gress, having been exhausted, Mr. Spofford is about to publish a new 
edition containing all the late additions which have been made to the 
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collection. It will also contain, in an appendix, a catalogue of scicDtific 
periodicals, witb the date of pablication of eacb Tolame, compiled under 
the auspices of the Smitli8onian Institution, by Dr. H. Oarrington Bolton, 
of the Columbia College School of Mines, New York. 

TELEQEAPHIO ANNOUNCEMENT OP ASTEONOMICAL DISCOTEEIES. 

The important arrangement which was conclnded between the Smith- 
soniau Institution and the Atlantic cable companies in 1873, by which 
free telegraphic transmission of astronomical discoveries was granted 
between Europe and America, has been continued during the past year. 
The number of annonncem ents, however, has not been as great as during 
the previous year. 



T 


he following list comprises the osteoids discovered 


n 1874 : 


No. 


Name. 


Discoveier. 


Date. 




Hertha-. 

Anatrin 

Mellbffia 










Match 18, 1OT4. 
April 21, 1374. 
May 19, 1874. 
Oct. 10, 1874. 





























Bight comets have been detected during the past year. 



Ho. 


Disooveter. 


Dace. 






Pebraary 20, 1974. 
April 11, 1874. 
April 17, 1874. 
July 25, 1874. 
Angii8tl9,1874. 



























These comets, except No, 3, were strictly telescopic. 

The number of amateur astronomers in the United States who are pro- 
vided with telescopes of sufficient power to detect minute heavenly 
bodies is every year increasing, and the discovery of new comets and 
asteroids offers an interesting field for their cultivation. The plan 
ndopted by Professor Watson, of Ann Arbor, furnishes a definite 
meaus for the discovery of asteroids. It cousists in studying with great 
minuteness a narrow band in tbe heavens, of two or three degrees in 
width, extending at right angles to the ecliptic, twenty degrees ot 
more on eacb side. At some time in tbe revolution of an asteroid 
around the sun it must i>a88 through this band, and, if each fixed 
star in this circumscribed space be accurately mapped and ite relative 
place be made familiar to the observer, any new object which presents 
itself within this area may be readily detected. 
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NATIONAL MFTSEU'M. 

For many years after tbe InstitatioD took charge of the Kadoiiai 
Museum ouly $1,000 was allowed by Congress for tbe annual expense on 
account of this duty. In 1871 the appropriation for this purpose was 
increased to $10,000, and in 1S72 to $15,000, and for the last year to 
$20,000; the last-mentioned snui being sufficient for tbe present to 
defray the annual expeuse without eocroacbment on the income of the 
Suiitbson fund, nothing being charged on account of rent of the build- 
ing. In addition to this, $10,000 was appropriated for the completion 
of the cases in the large room of tbe second story, devoted to ethnology. 
This money was expended in procnring cases in the form of tables with 
glass tops and sides for the exhibition of smaller articles. 

The following report from Professor Baibd gives an account of the 
additions to the museum and the various operations connected with it 
during the past year: 

Irureaae of the National Museum. 

As in previous years, nearly every region in North America, and a 
considerable number of localities in Central and South America, as well 
as in other parts of the world, have been represented in the collections 
of 1S71; the following summary showing, in a general way, the more 
important of tbe acquisitions from a geographical point of view : 

From Greenland has been received a collection of articles of Esqui- 
maux dress and other interesting cariosities, including tbe skeleton of 
a polar bear. 

The arctio main land of North America is represented by perfect 
skins, with the skeletons complete, of adalt male and female mask -oxen, 
forming an acquisition that any museum would consider of great im- 



Alaska has been richly represented during the year by a good series 
of ethnological material of the Thlinket tribes of Sitka and the adjoin- 
ing region, including a number of the stone implements wiiieh are now 
entirely gone out of use and very rare; also, from the Maglemut Esqui- 
maux of the island of Nunivak, Behring Sea, a remarkably fnll series of 
their utensils, weapons, and carvings. This addition, with what bad 
previously been obtained, gives to the National Museum a finer collec- 
tion of Western Esqnimaux material than exists in all other ethnological 
museums combined. 

A series of dredgings has also been received, made in tbe Northern 
Ocean, in the vicinity of Kotzebue Sound, and in other portions of Bebring 
Sea ; a targe collection of birds with their eggs, among them specimens 
of the Sterna aleutlca and other rare species, and series of skins and 
skeletons of the far-seals, &c. 

Queen Gkarlott<^a Island and Washington Territory. — Prom these we 
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bave received ethnological objects, consisting principally of elaborate 
carviogs made by the Haidah ludtans, a r<tce excelling any other 
aboriginal people on tbc continent-in the skill aud variety of Che designs 
which they engrave on bone and wood. 

Oregon is represented very satisfactorily by a series of prehistoric 
remains obtained from shell-heaps. These are of extreme beauty of 
fiuisb, and constitate a highly-prized addition to the ethnological col- 
lections of the Institution. 

California, as usual, occupies a prominent place in the record of addi- 
tions to the mosenm, more particularly in the line of archseology, 
including prehistoric remains from the shell-heaps, some of libem open- 
ing a new page in American archieology in the variety and complexity 
of the objects, and in their great beauty of finish. The applications and 
uses of many of them constitute puzzling problems in ethnology. 

From the Facillc coast we have also received specimens of the ceta- 
ceans, and an interesting and valuable collection of eggs. 

Arizona., Utah, and <JoU>rado are richly illustrated by the specimens 
collected by the various Government exploring expeditions, in all the 
departments of natural history aud ethnology. These regions may 
almost be considered as more fully represented in the National Mnseumi 
than any other portion of the continent, with the exception of Alaska. 
A collection of eggs from Arizona challenges competition for beauty of 
preparation and variety of species ; also ethnological objects of much 
interest. 

From Montana, specimens of the grayling fishes have been received, 
among which a uew species has been described by Mr. Milner, Thymallus 
montanieasis ; a collection of birds, and a fine specimen of mule-deer. 

Hew Mexico is represented principally by specimens of Navajo work- 
manship, fossil remains, and minerals in much variety. 

Dalcota. — As in previous years, large collections, especially in natural 
history, have been received from this Territory, particularly from the 
officers of the Northern Boundary Survey. 

Central portion of the United States, — The collections from this region 
have consisted principally of-crauia, stone implements, lottery, worked 
bones, &c, from Tennessee, Indiana, Illinois, Ohio, Iowa; minerals and 
rocksfrom Tennessee; skins of salmoDidee of Lake Superior ; specimens 
of the Michigan grayling, and of the giant snapping-turtle &om Louisi- 
ana. 

Eastern portion of the United States. — We have received specimens of 
bone implements aud other ethnologica from New York, Pennsylvania, 
and Virginia; fresh-wat«r and land shells and Otsego bass from New- 
York ; young California salmon from the Susquehanna Eiver; fossil 
ferns and a si>ecimen of the Arkansas flycatcher from Maryland ; aud 
fishes from Virginia. 

Florida is well represented by human crania, shell-heap remains, and 
other ethnological objects, living alligators, fishes, shells, and reptiles ; 
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among tbe latter a specimen of Ulaps distans, a serpent previoosl; un- 
known excepting in Arizona. 

From Xewfoundland we bave had a series of stnfi'ed skins of several 
species of seals of different ages. 

From Mexico a collection of reptiles &nd fishes. 

From Cvba a continnation of the complete series of species of fish, 
which the Institution has received from its correspondents on that 
island. 

Central America, as naual, has 'furnished very important collections, 
among them birds and reptiles from the isthmus of Tehuantepeo ; speci- 
mens of tbe mnsicat instruments of the aborigines of Guatemala ; poimu- 
oas serpents of Kicaragna, and, above all, a series of mammals, birds, 
reptiles, fishes, shells, insects, and ethnology from Costa Bica. 

South America. — The receipts from this part of tiie western hemi- 
sphere have not been very large, consisting principally of some casts of 
stone implements from ancient mines in Chili, and ethnological objects, 
birds, mammals, and serpents from Brazil, as well as a specimen of sea- 
lion from Patagonia. 

Europe. — The additions of the year consist of marine shells, cretaceous 
fossils from Sweden, and skeleton of tbe white porpoise from Norway ; 
also models of the common form of weir osed in Denmark for the capture 
of fishes ; minerals from Saxony ; highly valuable specimens of crania 
and pottery belonging to the Anglo-Saxon period of British history ; 
prehistoric objects from the celebrated locality of Solutr6, among tbera 
Qumerons bones of the horse, the remains of which, to tbe number oi 
many thousands of indlvidnals, have been accumulated in a single de- 
pository. 
• Other parts of the world. — Among the most noteworthy of the collec- 
tions received are those of fishes, crustaceans, seeds, bnlbs, shells, &c., 
from the island of Mauritius; models of dwellings, articles of dress, 
specimens of fishes, crustaceans, corals, &c., &c., from the Samoan 
Islands; and fishes from Kamtschatka, 

Not the least interesting and important of the collections of the year 
are " squeezes" from Egyptian antiquities, and a perfect copy of the 
Tanis or Canopus stone, from the museum at Bonlak, of which a much 
inferior copy was already in possession of the Institution. 

Miscellaneous. — The Na\'y of the United States has very largely con- 
tributed specimens collected during the voyages of the Portsmouth 
among the Pacific Islands ; of the Narragansett in the Gulf of Califor- 
nia and vicinity, embracing shells, fishes, birds, and elhnology; and of 
the Tnscarora in the Pacific Ocean, between the United States and the 
Sandwich Islands and Japan, consisting of the soundings taken whtle 
selecting a suitable line for a trans-Pacific telegraphic cable. 

Systematic summary. — Having described the principal additions to the 
National Museum in 1874 in geographical order, it may not be amiss^ 
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to refer briefly to them agaio io tbeir systematic sequence, as likely to 
give a better idea of the actaal increase in the acieD|ific value of tbe col- 
lections. 

Of tbe various additions received during tbe year, those which are 
most varied and comprehensive in their oatnre, and of moat importauce, 
bave been derived from the labors of Mr. W. H. Dall and Mr. H. W. 
Elliott, in Alaska ; of Mr. Archibald Campbell, Major Twining, and l^r. 
E. (jooes, of the Kortbern Boundary Survey, in Dakota; of Major Pow- 
ell, Lieutenant Wheeler, aud Dr. Hayden, iu TJtab, Arizona, and Colo- 
rado i of the United States steamers Portsmouth and Narragansett, in 
the Pacific Ocean; of Capt. Nicholas Pike, in tbe Mauritius; of the 
United States Fish-Commission on tbe eastern coast of tbe United 
States ; and of Professor G^bb, in Costa Kica. 

Ethnology. — The Smithsonian Institution has been, for several years 
past, especially interested in extending the ethnological collections of 
the Natioual Museum, desirous that this should embrace as full an illus- 
tration of American arcb£ology as possible. The results of its efforts in 
this direction have been very satisfactory, few days elapsing without 
the receipt of oneor more packages of specimens. These collections are 
so numerous, indeed, as to render it impossible to mention them all here^ 
and we can only specify a few, referring to tbe list of donations for a, 
statement iu full. 

By far the most important of these collections were those received 
from Alaska and the west coast of America and from Costa Bica, 
already referred to iu general terms. The specimens procured by Mr. " 
Dall furnish a full representation of the prehistoric antiquities of the 
islaads and the main land of Alaska, as also of many of tbe objects at 
present in use among the Esquimaux, the Aleutians, &c. Mr. Elliott's 
collections relate more especially to Saint Lawrence Island, Behriug Sea, 
a region previously unrepresented in any collection. 

The collections made in Oregon by Mr. A. W. Chase and Mr. Paul 
Schumacher relate to the sbell-beap deposits, and are quite unique in 
their character. Still more so are the gatherings made by Mr. Dal) and 
Mr; Schumacher from the islands and main land of Southern California. 
The carvings by tbe Haidah Indians, collected by Mr. J. G. Swan, are of 
great interest and beauty. 

The collections of Doctor Gabb, of both modem and prehistoric 
ethnology in Costa Bica, are of very great extent and of extreme value, 
and are supplemented by a collection of aboriginal musical instruments 
from Guatemala, furnished by Mt. Henry Hague. 

Large numbers of stone implements, pipes, pottery, &c., have been 
received from the expeditions of Major Powell, Doctor Hayden, and 
Lieutenant Wheeler, from Governor Amy, of New Mexico, and from 
many localities in the interior and iu tbe east, all together forming an 
aggregate of very great extent. Oonspiouous among these are sped- 
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mens of bone implements obtained by Mr. Frank H. Gutting in Central 
Kew York. Mr. J. H. Jenkins, of Northamberland, Pa., has increased 
the extent of his deposits by numerona additional objects. General 
M. C. Meigs, Quartermaster-General United States Army, bas furnished 
ethnological specimens from Arizona of mnch interest. 

Among the articles obtained from the Mississippi Valley is a remark- 
able stone pestle, or mnller, from the Bey. Joshua Hailes, senior. This 
is stirrup-shaped, and qnite uniqae in North America ; although similarly- 
shaped objects, with the same fonc^ion, are known in Central America 
and the Sandwich Islands. 

A noteworthy article iu this department consists of a specimen of 
ahcient cloth from a rock-dwelling near Monteznma Wells, in Arizona, 
presented by Lieut. E. B. Hubbard. Dr. J. F. Snyder, of Illinois, has 
furnished a large number of disk-shaped, chipped stones, of great beauty. 

Of Old World collections we have mentioned a copy of the Tanis or 
C^Dopus stone, presented by the Khedive of Egypt, and, tbrougb General 
Charles P. Stone, numerous "squeezes" of Egyptian antiquities, con- 
tributed by the latter gentleman ; a series of Saxon cranin, and other 
antiquities, from Professor Bollestou, of Oxford ; specimens from the 
prehistoric burial-places near Solutr^, presented by Professor Lartet, 
and valuable collections from the Samoan Islands, by A. B, Steiuberger, 
esq. 

Under the head of Mammals, an important acquisition is that of a 
perfect pair of skins and skeletons of musk-oxen, from Mr. Hardisty, of 
the Hudson's Bay service, in arctic Korth America. 

Mr. P, T. Baruum, in parsuance of ^is liberal offer to place at the dis- 
posal of the Institution, for the use of the Kational Museum, all such 
animals from his menagerie as might die on bis hands, has furnished 
specimens of the nylgban, the manatee, the dromedary, the sun-bear, 
and other species. A specimen of the sea-lion of Patagonia has been 
received from I>octor Bnrmeister, of Bnenos Ayres. Henry W. Elliott 
bas procnred for us a series of skins and skeletons of the fur-seals. Doc- 
tor Gabb has furnished complete collections of nearly all the known 
mammals of Costa Bica, in great nnmber. Professor Pagenstecker 
presented skins of various European mammals. A series of the seals 
of Newfoundland was received from Eev. M, Harvey; and Captain 
Scammou ha^ contributed additions to the series of cetaceans of the 
Pacific Coast, especially that of California, it being his intention to 
render the collection of the National Museum as complete as he can 
make it. The objects receivetl illustrate his important work on the 
marine mammals of the western coast of the United States. 

The Vienna Museum bas supplied skins and skeletons of several 
speeiesofOld World mammalia. FromDoctorBessels has been received 
a skeleton of the polar bear, and from Doctor Yates casts of the teeth of 
the fossil elephant of California. Senor Albnqaerqae, of Brazil, has 
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funiiohed living specimeos of the eoatimnDdi ; and' Doctor Nichols, of 
the Washington Insane Asylnm, the body of a very large grizzly bear. 
Specimens of the black-tailed deer and American panther vere ob- 
tained for the Institution by Mr, James Stevenson, of Doctor Hayden'a 
survey. One of the most important contributions of the year, as far as 
the mammalia of North America areeoncerned,consisted of several speci- 
mens of the black-footed ferret, ( Pwtorim nigripes,) a weasel described 
by Mr. Audubon in 1843 from a single specimen, which has not been 
since canght until the present ^car, when specimens were transmitted to 
the Institution by Mr. La Muuyon, Dr. Law, and Mr. L. H. Kerrick. 

Especially noteworthy among the birds received dnring the year is a 
specimen of the dodo pigeon {Didunculus strigiroatrU) from the Samoan 
Islands, presented by Mr. A. B. Steinberger. This species is best known 
from having been collected by the Wilkes Exploring Expedition, and de- 
scribed nearly simultaneously by Sir William Jardine and Mr. Titian R. 
Peale. It is confined to these islands, where it is nearly extinct. This 
specimen is especially valuable from being presented entire iu alcohol, 
thus furnishing an opportunity of a thorough anatomical investigation 
of its characteristics. A living specimen just received at the Zoological 
Garden iu London has attracted great attention. 

,Mr. Lacien M. Turner, now stationed at Saint Michael's, in Norton 
Sound, as an observer in the Signal-Service, has sent a number of birds, 
with their eggs, of much interest, among them specimens of the Sterna 
aleutica and other rare species. 

A cast of part of the skull of a remarkable fossil bird from the Shep- 
pey clay, of England, {the OdonU^ieryx toUapicus,) has been received 
from Mr. Bryce M. Wright. Mr. Barnum has supplied, from the speci- 
mens that died in his menagerie, the cassowary, the emu, and the 
ostrich. From Dr. Gabb has been received a very large series of the 
birds of Costa Kica. Mr. J. E. Hartiug, of London, has supplied some 
rare specimens uf the grails. Collections of the birds of Colorado have 
been furnished by Mr. C. G. Aikeu and Mrs. Maxwell ; of the Isthmus 
of Tehuantepec, by Professor Sumichrast ; of the Prybilov Islands, from 
Mr. George K. Adams. Collections of the birds of Brazil were furnished 
by Senor Albuquerque, and of Buenos Ayres by Dr. Burmeister; a 
series of rare species from Ecuador was also received from the Wesleyan 
University, at Middletown, Conn. 

A noteworthy fact is the receipt of a specimen of the Arkansas fly- 
catcher, killed in Maryland, and presented by Mr. Jouy, this species 
being usually confined to the western plains. 

The most important of the collections of egga received are those fur- 
nished by Captain Charles Beudire, United States Cavalry, from South- 
ern Arizona; those from Dr. William A. Cooper, of Santa Cruz, Cali- 
fornia; from Florida by Professor Jenks, and liom Alaska by Mr. Dall 
and Mr. Elliott. ,-, , 
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The collections of reptiles received dariDg the year have not been very 
extensive, the most important being the series furoished by Mr. Gabb 
from Oosta Bica, and those broaght in by the expedition of Lieatenant 
Wheeler. Captain Bendire has famished a specimen of the rare EeU>- 
derma 7iorru7um, a CDiions lizard from Arizona; and several living alli- 
gators from Florida have been supplied by Messrs. Chandler and Boyd. 
Mr. John Potts, a correspondent of many years' standing, has again 
evinced his interest in the Institation by sending a collection of reptiles 
and fishes from Mexico. A living sea-tortle from Florida was presented 
by the honorable Secretary of the Navy, and a giant snapping-turtle of 
the Mississippi, by Mr. Boyd. Dr. Renss has furnished collectiofis of 
reptiles from Illinois, Professor Samicbrast others from the Isthmna ot 
Tehuantepec, Mr. John Queseda the poisonous serpents of Nicaragua, 
and s series gathered daring the operations of the Northern Boundary 
Survey was brongbt in by Dr. Oooea. Mr. Meek obtained from Florida 
a specimen of Elaps distans, a serpent to which reference has already 
been made, as previously known only in Arizona. 

The collections of Jislies embrace some of the most noteworthy addi. 
tions of the year, these having beeu made with special reference to the 
operations of Professor Baird as United States Commissioner of Fish 
and Fisheries. The most important of these were gathered by himself 
on the coast of New England, especially in the vicinity of Noank, 
Conn., where he had his headquarters during the past summer. These 
embrace full series of all the kinds known to occurin those waters," sup- 
plemented by rare specimens sent by his agents and correspondents at 
Wood's Hole, Portland, and elsewhere. Large numbers, too, of the 
fishes of the great lakes and of the Mississippi, &c., have been sup- 
plied, among them specimens of the grayling of Michigan and of Mon- 
tana, including several new species ; and series of white-fish firom Maine, 
New Hampshire, and elsewhere, have also been received. Mr. E. G. 
Blackford, the well-known dealer in fish at Fnltoa Market, New York, 
has been esiwcially serviceable in this connection by keeping a sharp 
-watch over the rare and curious fish coming into New York, and send- 
ing them suitably packed in ice to Washington. By means of the vari- 
ous fresh fishes thus obtained, the series of casta of the food-fishes of 
the United States, commenced a few years ago, has been greatly ex- 
tended during the past season, this now nnmbering over three bnndred 
specimens, painted carefully from nature, and representing fishes and 
cetaceans, some of them of nearly a thousand pounds weight. This 
collection of casts is unique in this country, and is only represented on 
a smaller scale by that of Mr. Frank Buckland, in London, and that of 
the natural history museum of Trinity College, Dublin. 

Other specimens of fishes are those from the coast of Virginia, snp- 
plied by Prof H. E. Webster ; skeletons of the fishes of South Carolina, 
fh)m Mr. G. G. Manigault; specimens from the Sacramento Bay, sent 
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by Mr. L. Stone ; from the vicinity of New Bedford, by Mr, John H. 
Thomson ; from Florida, by Mr. G. B. Goode ; ttom the SuBqaeh&aoa 
Biver, by Mr. T. H. Bean and Mr. Jas. Creveliog ; &om Montana, by Dr. 
Hart ; from Lake Snperior, by J, T, Coleman ; from Micliigan, by D. H. 
Pitzhugh, jr., and Fred. Matherj from Cooperstown, K. T., &c., by 
Captain Pliinney, 

Of flsbes from regions oatside of the United States, specimens have 
been furnished from the fresh waters of Central Europe, by Dr. Middle- 
ton Goldsmith ; from the Pacific Ocean, by the United States steamer 
Portsmouth ; from Kamtschatka, by Col. T. L. Lee ; from Onba, by Pro- 
fessor Poey and Professor Shepard ; and from the Mauritius, by Capt. 
Nicholas Pike. The last-named collectjon is in great variety of species 
and admirable preservation, constituting one of the most important ■ 
contributions ever made in this department to the Sntional Museum. 
Professor Poey's collection is a continuation of a systematic series, which 
he has undertaken to supply, and which already embraces over a hun- 
dred species. 

The Zoological Museum of Copenhagen has supplied models of the 
common form of weir used in Denmark for the capture of fishes. 

The general collections of marine invertebrates have been from Mr. 
William H. Dall, from Capt. Nicholas Pike, and from the United States 
Pish Commission, among other series. In moUiisks the collections of 
Captain Pike and Mr. Dall are especially rich. 

A series of shells from the coast of Norway, by Mr. G. O. Sars, of 
Christiania, will be of much value for comparison with American forms. 
Numerous shells of fossil mollusks have also been received from various 
donors. 

From the fact that the collections of insects have been transferred to 
the Agricultural Department, not much can be announced in the way 
of receipts in this department, all tho specimens that have come to hand 
having been, as usual, delivered to that establishment. It may be 
worthy of mention, however, that the first collections made by the-TJnited 
States astronomical expedition for the observation of the transit of 
Venus, received at tho Institution, consist of a series of butterflies from 
Brazil, furnished by Mr. Eussell. 

Of plants various packages have been received from the different Gov- 
ernment expeditions, among them some interesting fossil species from 
Mr. Ambler and Dr. Stevens, of Virginia, and Mr. Sternberg, of Kansas. 
As heretofore, all the recent specimens have been transmitted to the 
Agricultural Department. 

Among the more important contributions to the museum have been 
tho specimens of soundings made by Commander Belknap, on the Tus- 
carora, during his labors in tho Pacific Ocean. These are of very great 
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extent, and promise to fnmisb lai^ numbere of new species. They are 
nov plitced in -the hands of Piof. Hamilton L. Smith for identi&catioo. 

A series of dredgings has been received from the vicinity of Kotzebne 
Soand and other portions of Behring Sea, made by Captain Smith, of 
the Alaska Commercial Company. 

Minerals in considerable number have been received, among them a 
series collected by Colonel Abert, of Tennessee, specimens deposited by 
Mr. J, H. Jenkins, of Northumberland, specimens from Berlandier as 
presented by General D. N. Couch, together with specimens from Saxony, 
g:veu by Dr. Endlich ; these are in addition to the large gatherings of 
the Government expeditions. 

Dr. Endlicfa, in charge of the mineralogical department of the museum, 
states that, during the year ISli, 250 minerals have been placed in the 
cases, in addition to those mentioned in the last report, as well as 300 
llthological specimens and 150 ores. 

The metallurgical collection remains about the same. 

The labeling of the minerals has been finished, and exhibits a type 
of what the method will be when the whole collection is comp)et«d. 

A large number of minerals has been examined at the request of 
correspondents of the Institution, and their qualitative. character deter- 
mined. For purposes of education the Institution furnishes qualitative 
determinations of mineralogical specimens, but in no case does it un- 
dertake to furnish percentages of the different components of specimens, 
or give certificates, for commercial purposes, of their value. 

The fossils are beiug arranged, and in the course of a year we hope 
to ha^ve series of duplicates for distribution. 

During the past summer. Dr. Eudlich was engaged in the southwestern 
portion of Colorado, in the San Juan mining region, in connection with 
the Hayden expedition, au account of which will be given in the reports 
of that establishment. 

It is, of course, impossible to enumerate all the collections and speci- 
mens, or to give in these cursory notes anything more than a general 
idea of the nature of the receipts of the year. The complete list of 
donors, with the objects presented by them, will be found arranged 
alphabetically in the appendix to the report. 

Worlc done m connection tcilh the National Museum, 

As might reasonably be supposed, the magnitude of the receipts 
during 187i has required much time and labor to reduce thAi to order, 
exceeding as they did by far those of any previous year. The rapid 
rate of increase is evinced by a comparison with the data for 1873 and 
1872, as follows : 

The total number of entries for 1874 is 564, from 337 donors, and em- 
braces 71a packages; for 1873 the numbers are 441, 241, and 680, 
respectively ; and for 1872, 315, 203, and 544. 
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As regards the distribation of duplicate Bpeoiinena to public estab- 
lishments, &C., the records show 320 entries ; these include dooations of 
specimens to 40 foreign mnseums and zoologists and to 165 home insti- 
tatione, and embrace 32 sets of mammals, 18 of birds aud eggs, 4 of 
reptiles, (living and dead,) 4 of fishes, 3 of crania, 5 of insects, C3 of 
shells, 12 of plants, 2 of fossils, 106 of minerals, rocks, and bnitdiug- 
stones, 7 of ethnological specimens, and 5 of diatomaceons earths ; in 
all, 261 lots. 

A table in the appendix shows the total nnmber of specimens dis- 
tributed, including also those deposited in the care of the Department 
of Agriculture and the Surgeon-General's Office. 

Of specimens submitted to specialists for examination and report 
there have been 61 lots : Mammals to H. and J. A. Allen and to Dr. 
Sclater; birds to Geo. N. Lawrence; reptiles and S»hes to E. D. Cope; 
insects to Messrs. Packard, Scudder, Edwards, Ostensacken, Ubler, 
TJlke, Stretch, Cresson, Thomas, Glover, Emerton, and Holden ; shells 
to Messrs. Tryon, Binney, and Sandberger ; crnstaeeans to S. J. Smith ; 
marine invertebrates to A. E. Verrill ; plants to Messrs. Gray, Bothrock, 
Vaaey, Englemann, Olney, James, and Carson ; microscopic material 
to Messrs. Smith and Seaman ; mineral waters to Dr. Loew. 

Six lots additional to the above have been lent for study. 

The nnmber of specimens sent out for investigation is approximately 
estimated as follows ; Mammals, 2,000 ; birds, 900 ; reptiles, 100 ; fishes, 
100; insects, 7,000 ; shells, 500; marine invertebrates, 400; ethuologica, 
10; packages of microscopic material, 500 ; plauts, 9,000 ; in round num- 
bers about 20,000. Some of these are included among the specimens 
distributed. 

It is no exaggeration to say that 40,000 specimens are represented by 
the 320 entries in the distribntioo-book. 

Collecting apparatus has been lent to about fifteen expeditions and 
collectors, principally from the stores of the United States Fish Com- 



GOVBENMENT BXPLOEATIONS AND SUEVET3. 

The following is a brief sketch of the surveys made under the au- 
thority of the General Government during the year 1874, the specimens 
from which are to be finally deposited in the museum under the care of 
the Institution. 

JE/xphratimt^ and, surveys vest of the lOOtft meridian, First lAeutenant 
George M. Wheeler, Corps of Engineers, in charge. 
Nine separate parties took the field in 1874 for operations in portions 
of Nebraska, Utah, Colorado, New Mexico, and Arizona. The point of 
departure was Pueblo, Colorado Territory, in the valley of the Arkan- 
sas. The whole area entered and occupied lies south of the latitude 
of the Spanish Peaks, except that ioclnded in special journeys necessary 
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to complete the triangulation commeDced in 1873. This important work 
was delegated to Lieat. Wm. L, Marshall, Corps of Engineers, ^bo 
brought to this task, besides profession^ and execative abilities, the 
experience gathered in his former labors npon this work. The total area 
assigned was a little less than 35,000 square miles. 

Ont of the nine parties, six were moviDg field-parties, having special 
areas conjoining along latitudinal and other lines, and connecting at cer- 
tain triangulation and topographical stations. 

A special party, under Doctor J, T. Bothrock, U. 8. A,, organized 
witli a view to institute farther investigations into the natural history 
of certain areas left nnflniahed in 1871, 1872, and 1873, in New Mexico 
and Arizona, departed from Santa F6 early in the season, and retnmed 
laden with rich ^nd valuable collections of the flora and fauna of that 
great region ; having carried on, in connection with their examinations, 
observations for altitudes of special points within the drainage area 
visited, throwing farther light npon the geographical distribution of ani- 
mal and vegetable life. 

Two main distinct astronomical parties were occupied in establishing 
the coordinates of points immediately adjacent to the field of survey 
and others along the line of the Union Pacific Railroad, and were 
successful ia accomplishing all that was laid out for them. 

The results in the astronomical branches are, the conclusions of the 
observations necessary to determine the co-ordinates, and the astronomi- 
cal meridian at the stations Las Vegas and Oimarron, N. Mex., the latitude 
of Pueblo, Col., the latitude and longitude of Sidney Barracks, Jules- 
burgh, and North Platte Station in Nebraska, on the Union Pacific 
Bailroad. 

At the field astronomical stations sextant observations were carried 
on by the following ofBcers in charge of the several parties: First 
Lieut. Win L. Marshall, First Lieut. P. M. Price, Corps of Engineers; 
Second Lieut. 0. W. Whipple, Third United States Artillery ; First Lieut. 
R Birniejr., and First Lieut. 9. E. Bluut, Thirteenth Uuited States In- 
fantry. These stations have been numerous, answering all the require- 
ments tuade upon them for checking special positions by a method iu 
place of which nothing else could be made available. 

The geodetic work included the establishment of 79 main triangu- 
lation stations, extending a net-work over the entire mountain-area 
occupied. Base-lines were measured at Trinidad and Pueblo, Colorado ; 
Cimarron, Las Vegas, and Santa F^, New Nexico. These bases control 
the triangulation which connects the belts of 1873 in Colorado, Now 
Mexico, and Arizona, as well us those north and south from the line of 
the Union Pacific and Central Pacific Bailroads. 

Id meteorology, except at the astronomical stations at Cimarron and 
Las Vegas, N Mex., the observations were conducted solely with a view 
to the deternmination of altitudes at prominent physical points within 
the area surveyed, 
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TbOQgli no person was actually as^gDed as geologist, Doctor H. G. 
TatTow, U. S. A., and Professor E. D. Cope investigated the geology 
and paleontology of the Territory of Kew Mexico. Tlie resultB obtained 
were biglily interesting. The cretaceous beds yielded many fine fossil 
shells and teeth of extinct fishes, and the carboniferons limestone was 
found to be eqnally rich in specimens. A unique collection of a large 
nutaber of beautifully preserved inverixbrate lemaius was procured from 
the same formation. These are the deposits of a lake of a compara- 
tively modem age, which abound in the remains of skeletons of the 
animals that inhabited the surrounding land. Mastodons of species 
qnite different fVom those frequently found in the Eastern States were 
in abundance, while camels and horses had evidently existed in droves- 
One of the most singular discoveries was that of a deer which did not 
shed its horns j and the fossil remains further indicate that at this time 
several species of wild dogs existed to keep in check the herbivorous 
animals, while a largevulture, allied to the turkey-buzzard, was prepared 
to act as scavenger as occasion offered. In another locality crocodiles 
and turtles were very ndmerous. Among the large remains were those 
of the genus Bathmodon, which closely resembles the elephant iu the feet 
and legs, but the tapir and the bear in the character of the skull. They 
were armed with formidable tusks, and their crania were very thick, as 
if designed to repel attacks. 

In the line of archaeology and ethnology were found the remains of 
ancient human dwellings which stand in tines on the summits of rocky 
crests, and on the more inaccessible and remote points of hills, with 
precipices of several hundred feet in depth on one or more sides ; from 
these and burial places most mteresting specimens of potterj', besides 
crania and skeletons, were obtained. 

The mineralogical specimens collected have been carefully analyzed 
by Doctor Oscar Loew in the laboratory of the Smithsonian Institution. 

Dr. H.O. Yarrow, in charge of the natnral-history branch, with his 
assistants, have added more largely than ever before to onr knowledge 
of the living fauna of large interior areas. Their results are soon to be 
worked up by themselves and other specialists, and the specimens after- 
wards deposited in the National Museum at the Smithsonian Institution. 

As usual, a photographer accompanied the expedition, who this year 
was successful in obtaining special photographs of ancient ruins, of 
various Indian tribes, &g. 

While the parties operated in the field, the office-force remained en- 
gaged in working up the results for publication. 

The publications during the past year of the surveys under the War 
Department have been: the Progress Eeport of 1872, a preliminary cata- 
logue of plants gathered in 1871, 1872, and 1873, and a preliminary report 
upon the ornithological specimens collected in the same years ; the first 
in quarto, the two latter in octavo. An advance edition of the Topo- 
graphical Atlas and other physical sheets was also published. 
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The total working-force taking the field witltont escorts, for tlie first 
time, was 86, iaclading officers, assistaots, and employes. The ntmost 
barmoDy existed among all the parties, which largely condaced to cor- 
respondingly enhanced results. In regard to these surveys under the 
"War Department, the following paragraph appears in the Annnal Re- 
port of the Chief of Engineers to Congress : " By experience and im- 
provements in methods and instruments, the value of the results is 
annually enhanced, and the cost of the work amply repaid." 

It cannot fail to be gratifying to all who are interested in this class of 
investigations to be convinced that the proper basis for further syste- 
matic endeavor has been reached. 

Survey under Professor Hayden. 

This survey dnring the season of 1874 continued the work of 1873 west 
ward of the 107th meridian of longitude in Colorado Territory. The en- 
tire area explored lies on the west slope of the m ain range of the Bocky 
Mountains, forming the eastern part of the drainage of the great Colorado 
Biver. The topographical and geological work included a carefully-sur- 
veyed area of about eighteen thousand square miles, much of it com- 
prising some of the most rugged and mountainous scenery on the con- 
tinent. The southern portion includes an area of nearly three thousand 
square miles, the greater part of whicli is at an elevation of 12,000 feet 
and upward. The first division of the party, under Mr. A. R. Marvin, 
operating in S'orthwestern Colorado, established 86 stations ; the second 
division, under Mr. Qannett, which explored the rugged area between 
the Gunnison and Grand Rivers, also established 86 stations; while the 
third division, surveying the remarkably high country in the southwest, 
determined 63 stations, most of them being on peaks ranging from 13,000 
feet and upward, the highest being 14,500 feet. 

A fourth division, under Mr. G. B. Bechler, performed the important 
duty of measuring the roads, trails, passes, and carefully working up 
the contiguous topography, besides meandering a distance of about nine 
hundred miles. Mr. Bechler established 36 important stations, thus 
rendering more accurate and complete the general work of the survey. 

A fifth party, under Mr. W. H. Jackson, the photographer, passed over 
the greater portion of Western Colorado, obtaining about four hundred 
negatives of the most characteristic scenery. These views have proved 
of great value in the topographical and geological studies ; bnt the most 
interesting result was a series of views of the wonderful ruins in the 
caiions of the Mancos and Montezuma Bivers. The party found here 
remains of a rude civilization in the form of buildings, made of hewn 
stone laid in mortar. Among the ruins were various kinds of stone 
implements and glazed pottery, on some of which wore figures of the 
«un. On the plains and mesas these ruins occupy considerable areas, 
indicating the former existence of a nnmerous population. In the caiions 
the stoue dwellings are built high up in the caverns or_creviee8 in the 
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sides, from 800 to 1,QOO feet above the bottom, in almost inaccessible 
positions. From all the information that conld be obtained from the 
present race of Indiana, these dwellinga vera inhabited at least eight 
centuries ago by a race of san-worshippers, which were driven soutb- 
ward, step by step, by a persistent foe firom the north. 

The sixth division, nnder Mr. J. T. Ganlner, continued the primary tri- 
angnlation over the monutaiaous region of the sonthwest, extending 
into Utah, and connecting with some of Professor Powell's stations. 

The seventh division was under the immediate direction of Professor 
Hay den, and made special studies of those portions of Colorado that 
presented rather complicated problems in geology. A careful survey 
was made of the Elk Mountaius, of the Morainal deposits in the valley 
of the Upper Arkansas, and the coal-beds along the east base of the Col- 
orado range of mountains from Cahou City to Cheyenne. The seasoD's 
labors were in every respect successful, and a large amount of topo- 
graphical, geological, and natitral-bistory material was secured for the 
eighth annual report to the aecretary of the Interior. 

The publications of the survey during 1874 were the Bulletin No. 1 
and Ko. 2, and secoud series, Nos. 1, 2, 3; miscellaneoas publications, 
Nos. 3, 4, fi, 6; Cretaceous Flora, by Leo Lesquerens, 7th Annual Beport, 
(Colerado.) 

Survey under Professor Powell. 

This was the continuation of the geological and geographical explora- 
tion of the basin of the Colorado of the West in Utah, prosecuted for sev- 
eral years previous. For this work two parties wereorganized, one under 
the charge of Prof. A. H. Thompson, and the other under the immediate 
direction of Professor Powell himself. Each party had a number of 
assistants, and to the latter was added a photographer. The first party 
was employed in carrying forward the work in Central Utah, and the 
second party in Northeastern Utah. 

The valley of the Sevier, near the town of Gunnison, was selected as 
the proper position for the hose-line from which a series of triangles 
could be extended to the north, east, and south, and connected with 
those which had been established in former years. 

For hypsometric determinations Green Eiver City on the Union Pacific 
£ailroad, Salt Lake City, Gunnison, and Pangwitch were selected, from 
their connection with railway surveys, as known points of reference for 
altitudes to be ascertained by the barometer. 

The geographical determination of latitude and longitude rests pri- 
marily on the base-line, the terminations of which were established by 
astronomical observations. For latitude the zeuith-telescope was em- 
ployed, and for longitude telegraphic methods were adopted. 

The material was collected for mapping and exhibiting the resources 
of a section of country heretofore but little known, embracing many 
ranges of mountains and plateaus, with valleys drained by streams 
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which ia places pass throagh deep itnd almost inacdessible gorges. Over 
the entire region snrveyed the data were collected for determining the 
amoant and diBtribution of lands which can be redeemed from sterility 
by irrigation, and also that of grass and timber lands. The coal-forma- 
tions, which had been discovered in previous surveys in adjoiniag re- 
gions, were traced through the areas of the present snrvey, and many 
new beds discovered. It was found that the coal of Southern and Cen- 
tral Utah is distributed through a series of geological formations em- 
bracing most of the Tertiary and Cretaceous ages. The supply of coal 
of this region ia, therefore, abundant, and much of it is said to be of 
good quality and widely distributed. The position of many of the more 
important mineraModes was determined, especially such as have been 
worked to a sufficient extent to enable the owners to acquire permanent 
titles irom the Government, and these will be represent«d on the general 
map. 

The geological structure of tue region is exceedingly complex. A series 
of formatious, embracing Tertiary, Mesozoic, Paleozoic, and Metamorphio 
rocks, are plicated on a grand scale, and displaced by faults of immense 
extent. During geological ages, and continued down to later periods, 
this region must have been the scene of great volcanic activity. Exten- 
sive fields of eruptive matter and large numbers of volcanic cones are 
exhibited. In many places there exist great escarpments, forming cafion- 
walls and lines of cliffs, exhibiting with great perfection the superiiosi- 
tion and struclure of rocks, from which interesting geological deduc- 
tions can bo made. 

The great system of monoclinal folds and faults discovered in former 
years, crossing the grand canon of the Colorado, was found to be extended 
into the region of this year's survey. The lithological geology was 
studied so far aa the opportniiiities permitted, and large collections of 
rocks made, especially of the volcanic formations widely distributed in 
geological succession. From the sedimentary rocks fossils were obtained 
abundantly sufficient to indicate the ancient flora and fauna of the 
region. The Territory is traversed by profound gorges, which conduct off 
the small amount of rain -fall not evaporated. Although the amount of 
water carried by the streams is small, the great elevation of the country 
above the sea gives it the velocity of a torrent, and being mingled with 
stones, its erosive action exhibits effects unequalled, peihaps, in any 
other part of the globe. On the mountains and plateaus of this region, 
wherever an altitude of 9,000 feet, or more, is reached, evidences of 
ancient glacial action are found. 

Interesting ethnological results were obtained. Two important tribes 
of Indians were again visited, the TT-iu-tats and Seuv-a-rits, usually 
known as the Uinta Utes and Sbe-be-riches, and much additional 
knowledge of the words and grammatical construction of their language 
was secured, as also a series of facts relating to the naming of tribes 
and confederacies, witb fresh information as to their political organiza- 
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tion. It SO happened tbat while the BurveyotB were among these la- 
diaDS, messengers arrived from the Go-si-Dtes, of Western Utah and 
EJastem Nevada, bringing information of great rains and of the gradual 
risiog of the Great Salt Lake, indicating, as they sapposed, a great 
calamity, and calling upon the tribes we have mentioned to join them 
iiV religious ceremonies to appease the anger of the waters, lest in thdr 
rage and coming power they should destroy all the land and the people 
who lived thereon. The state of religious excitement which ensued 
enabled Professor Powell to increase his knowledge of their mythology 
and religion, in directions which previous to that time had been closed 
to him. Onthesesnbjectsthelndiausarensuallyreticent. Bclievingin 
sorcery and that a knowledge of their religion and organization can he 
used by their enemies to their disadvantage, they forbear to give any 
information on these subjects. But under the excitement above men- 
tioned their reserve was neglected, and facts revealed which had pre- 
viously been only partially understood. Previous to this no definite ii^ 
formation had been obtained as to their religious worship, or whether 
tiiey had any system of appeasing the displeasnre of their gods. 

A large number of articles to illustrate the various arts among these 
people, in addition to those made in previous years, was collected, so 
that the specimens in the National Museum for the study of the civili- 
zation of these tril>es are more extensive, perhaps, than for any other on 
the American continent. Attention was also given to the ancient re- 
mains in the valley of the Colorado, and interesting additions have 
beeu made to the facts already known. A number of additional ruins 
were discovered, and observations made for depicting on a map scores 
of ancient towns or hamlets. Copies of picture-writings and stone im- 
plements of various kinds were obtained. The ethnological investiga- 
tion embraces language, mythology, folk-lore, and the means of obtain- 
ing subsistence. 

A large number of photographs was taken, which served to assist the 
draughtsman in delineating the topographical features of the country; 
also another series of the Indians themselves, intended to illustrate 
their dress, habits, and other characteristics. 

Survey under Hon. Archibald Campbell, 

This survey was for the continuation of the boundary-line along the 
forty-ninth parallel of latitude, between the United States and the 
British possessions. The distance remaining to be surveyed during 
l'874 was three hundred and fifty-eight miles, from longitude 106° 12* 
to longitude 114'^ 05'. It was divided into two parties, the astronomical 
and the topographical. ; 

During the season of 1874 the work was executed in the same manner 
as before, under the agreement made between the chief astrooomersiof 
the United States and British commissions, to the effect that the officers 
of the Uuited States were to determine astronomical stations at inter- 
vals of forty miles, and to survey a belt of territory five miles wide south 
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of the parallel, the Euglish to determine a Bimilar series of astronomical 
stations, and to survey an equal belt of topography north of the line. 

The astronomical party, in charge of Maj. W. J. Twining, was organ- 
ized in Saint Paul, Minnesota, on the Ist of Juno, and reached the 
point of operation on the Ist of July. The shortness of the season, and 
the great distance to bo traveled after the work should be completed, 
required that it should be finished early in September. The party wae^ 
therefore, pushed to the utmost limit of endnrance, and by the Ist of 
September the eight astronomical stations assigned to the United States 
had been determined, and the line had been connected with the last 
previons station of the boundary at the summit of the Eoelcy Mount- 
ains. In four months, this expedition accomplished a journey of 3,700 
miles, besides surveying and marking 358 miles of the boundary-line. 

The topographical party remained in the field both winter and sum- 
mer from the lat of June, 1873, until the present time, with the ex- 
ception of two months in the spring of 1374. They have demonstrated 
that instrumental work can be done in that high latitude, even in the 
most rigorous part of the winter, where the country is wooded ; but on 
the open plains the exposure is dangerous. That portion crossed by 
the line surveyed during 187i was found to be an open plain, entirely 
destitute of timber, but easily practicable for wagon-trains, except in 
the vicinity of Frenchman's Creek and the crossing of Milk River, where 
wide detours had to be made to avoid the bad-lands. From longitude 
106O to the crossing of Milk Eiver the country is unattractive, the rain- 
fall is small, and water consequently scarce during the summtr. The 
soil is alkaline, and produces mostly sage-brush and cactus. From the 
Sweet-Grass Hills to the Eocky Mountains its character is entirely 
changed. The rain-fall appears to be ample. The belt along the foot 
of the mountains, in addition to scenery of rare beauty, presents to the 
eye of the practical man the more solid advantage of an unsurpassed 
fertility. Northwestern Montana is still the range of immense herds of 
buffaloes, whose numbers, according to Major Twining, contrary to the 
commonly-received opinion, are constantly increasing. This region is 
the country of the Blackfoot and Piegan tribes of Indians. It is also 
the debatable ground of the North Assiuaboines, the Gros Ventres of 
the prairie, and the Eiver Crows, while an occasional war-party of the 
Sioux may be found as far northwest as the Sweet-Grass Hills. With 
the exception of the Sioux, these tribes appear to be peaceably enough 



Collections and observations in natural history were made at almost 
every point along the boundary-line by Dr. Elliott Coues, surgeon and 
naturalist of the expedition, although it is to he regretted that he was 
not supported by an adequate corps of assistants, particularly in the 
departments of geology and botany. Largo collections were made and 
sent to the Institution, an account of which is given in the report of 
Professor Baird. It is to be hoped that ample time may be allowed Dr. 
Cones for the preparation of his final report, in order that the results of 
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bis field-work may be fully elaborated in illnstration of the flora and 
fauna of a portion of the United States of wiiich comparatively little is 
known. 

MISCELLANEOnS. 

The InstitatioD,as informer years, has been in harmonlons co-operation 
*ith the Department of Agriculture, tlie Army Medical Museum, and the 
Corcoran Art Gallery. With the first it has deposited plants and other 
articles relating to agriculture ; to tbe Medical Museum it has transferred 
a large number of articles pertaining to comparative anatomy and mate- 
ria medica, and has received in return ethnological apecimena; in the 
third, the Corcoran Art Gallery, it has deposited a number of paintings, 
articles of statuary, engravings, &c A list of these several deposits 
will be found in the appendix. . 

It may be mentioned that the present Secretary of the Institution 
has been chosen one of the trustees of the Corcoran Art Gallery, and 
thus the connexion between these two establishments has become more 
intimate. The Gallery has been opened during the past year under very 
favorable auspices, and bids fair to be an important means of improving 
the intellectual and moral condition of the citizens of Washington, as 
well as a perpetual monument of tbe beneficent liberality of its founder. 
Since its first opening to the public on the 19th January, 1S74, it has been 
visited by 75,000 persons. It has an endowment of #900,000, and had 
an income last year of upward of $62,000. 

Fog-Signals. — During the last summer I devoted a considerable por- 
tion of my vacation to investigations iu regard to sound in its applica- 
tion to fog-signals, the results of which have been published in an ap- 
pendix to the Light-House Beport for 1871. 

These investigations, which were a continuation of those of former 
years, tend to establish the fact that sound is susceptible of a kind of 
refraction, due to the unequal velocity of the upper and lower current 
of the air, by which the sound-ray is in some cases bent upward, and 
consequently passes far above the head of the distant auditor, and in 
others is refracted downward to the surface of the earth, and is thus 
perceived at a much greater distance. This principle explains the pe- 
collar action of tbe wind on sound, as well as various abnormal phe- 
nomena which have been observed from time to time in the operation 
of fog signals; also the discharge of cannon' during battles, of which 
the sound was heard at remote points, though inaudible at those much 
nearer tbe explosion. 

Fish inquiry and propagation. — It may be remembered that an act of 
Congress was passed in February, 1871, directing an inquiry to be made 
into the causes of the decrease of the food-fishes of the United States, 
to be prosecuted by a commissioner appointed by the President, from 
file civilian employ49 of the Government, and to serve without salary. 
Professor Baird, of this Institution, received this appointment and en- 
tered upon his duties. 
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In 1872 hia spbere of labor was extended by instractions for tlio 
employment of snch measurea as might iacrease the food-fisbes of the 
country; and reports from time to time have been made of the results of 
the vork. 

The growing interest in this subject, and the belief that the objects to 
be accomplished were of great importance to the country ; have induced 
larger and larger appropriations from Congress, and the sphere of the 
labors of the commissioner has been extended accordingly. His work 
is prosecuted nnder two distinct heads: first, that of an inquiry into 
the causes of the decrease of food-flshes; secondly, that of tbeir multi- 
plication. 

In prosecnting the inquiry referred to he has established himself at 
points on the sea-coast where the fisheries it was desirable to investi- 
gate are carried on, and, by inquiries on bis own part and those of hia 
assistants, he satisfied himself as to the coudition of the fisheries, and 
the extent to which tUey have been diminished, and the steps to be 
taken for their restoration. 

He has embraced the opportunity thns offered, to carry on a thorough 
survey of the oataral history and physics of the ocean, thus doing for 
the coast portion of the territory of the United States what the explora- 
tions of Professor Hayden, Lieutenant Wheeler, and Major Powell are 
accomplishing for the Territories of the West. 

His operations during the summer of 1874 were carried on at Noaub, 
Conn., bis field of iuvestigntion extending from Narragansett Bay on 
the east, to the mouth of the Connecticut Elver on the west, and to the 
eastern end of Long Island on the south. 

As usnal liis presence, with the facilities at his command, attracted a 
large number of visitors, among them some of the most eminent natur- 
alists of the country, who were thus enabled to carry on important re- 
searches in natural history, all of them having a more or less direct 
bearing upon the objects of the commission. Professor Verrill, of Yale 
College, has been associated with Professor Baird from the beginning 
of this branch of investigation, and as usual labored indefatigably dur- 
ing the season. 

The results of the labors of 1871 at Wood's Hole have already been 
published in a volume which constitutes a work of standard excellence. 
The report for 1872 is nearly ready for publication, and that for 1873 is 
well advanced. The second division of his duties, that of the work of 
propagation of food-flshes, was directed more especially t» the multi- 
plication of the shad and salmon. Owing t« the late period at which 
the appropriation for this purpose was available, the operations in re- 
gard to the hatching of shad were not commenced until June, when 
camps were successively established on the Delaware, the Hudson, and 
the Connecticut; that on the Hudson in connection with the fish com- 
missioners of New York, and that on the Connecticut with the commis- 
sioners of that State. 
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pwiDg to the death of Dr. Slack, n'bo was in charge of the station 
oii the Delaware, very little was done on that river. On the Hudson a 
y^ry considerable nomber of shad was obtained and distributed, apart 
from those introduced into the river by the State commissioners them- 
selves. The greatest amonnt of the work, however, was done at South 
Hadley Falls, on the Connecticut Biver. The fish here being very 
Aibnndant, many young fish were hatched and distributed, mainly uuder 
the direction of Mr. James W. Miluer, to various localities in many 
States, extending as far west as Minnesota, south to Texas, and east 
toMaine, the total number thus supplied amounting to over two millions. 

The operations in regard to salmon were still more satisfactory, being 
larried on at two establishments; one on the McCIoud River, in Cali- 
fornia, under the charge of Mr. Livingston Stone, and the other on the 
Penobscot River, in Maine, under Mr. Charles G. Atkins. The former 
furnished six millions of eggs, of which one million were hatched and 
placed in the Sacramento River, the others being transported to batch- 
ing-houses in the East, and the young subsequently placed in the waters 
of the New England and Middle Suites, in addition to those of Mary- 
land, Virginia, West Virginia, North Carolina, Louisiana, Texas, Ohio, 
Indiana, Illinois, Wisconsin, Minnesota, aud Iowa. 

The establishment at Bucksport, on the Penobscot, has also yielded 
over three millioQ eggs. These have not yet beeu distributed, as they 
are not sufficiently far advanced, but they will be planted principally in 
the waters of the New England, Middle, and more northern of the 
Western States. 

The importance of these measures for the artificial propagation of 
fish may be readily understood from the fact that the actual results 
from one pair of shad or salmon, treated artificially, fully ei^nal those 
from one hundred, and, according to some, one thousand pairs, when 
left to perform this functiou naturally. 

Deep-sea soundings. — Professor Baird has made a series of observations 
on temperatures of the sea-water at different depths, the results of which 
will be published in his report as United States Fish Commissioner. 

The Institution has received, for investigation, from the Bureau of 
Navigation, Navy Department, under Commodore Ammen, a large 
uiimber of specimens of deep-sea soundings, collected in the PaeiDc 
Ocean by the officers of the United States steamship Tuscarora, Com- 
mander G. E. Belknap. These specimens have been referred for micro- 
scopic examination to Prof. Hamilton L. Smith, of Hobart College, 
Geneva, N. Y., who has undertaken the iuvestigation, aud will report 
tlie result as soon as the work is finished. 

Polaris Artie Exphration. 

During the past year Dr. Emil Bessels has been engaged at the Smith- 
sonian Institution in working up that part of the scientific materia 
which was saved from the collections of the voyage of the Polaris in the 
Tears m71-'T3. The results of the investigations will be given in ^ree 
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Tolomes, of which the first is nearly ready to be put ia the bands of the 
printer. This volume contains — 
Part I. Hydrography and meteorological observatioos at sea. 

a. Hydrographica] remarks relating to Baffin's Bay, Smith's Soand, 
and Bobesou Channel. 

b. Temperature of the sea and its specific gravity at different depths, 
c Ice of Smith's Sound and its motion. 

d. Tidal observatious made at Polaris Bay, comprising eight lima' 
tions. 

Part n. Meteorology. 

a. Temperature both at Polaris Bay and Polaris House, the second 
winter quarters, 

b. Effect of the direct heating power of the sun 
c Effect of terrestrial radiation. 

d. Hygrometrical observations. 

& Atmospheric pressure. 

/. Winds. 

g. Face of the sky. 

A, Ozone. 

t. Bain and snow. 

Part III. Psyehrometrical tables, giving the relative humidity, force 
of vapor, and dew-point for each tenth of a degree from 32° to —45°, 

Part IV. Astronomical observations. 

Pnrt y. Magnetism and aurora. 

Part Vr. Pendulum experiments. 

The second volume will be devoted to natural history, comprising 
zoology, botany, geology, palaeontology, mineralogy, &c 

The third volume will comprise 'the ethnology of the Esquimaux. 

The whole will be copiously illustrated by wood-cuts and charts, and 
published under the auspices of the Navy Department.* 

Chemical Laboratory. — During the past two years the laboratory of the 
Institution has been in charge of Dr. Oscar Loew, the chemist and min- 
eralogist of the Wheeler survey, and doring this .time he has made 
various analyses for the Institution of minerals, mineral waters, and 
other substances referred to the Institution for examination by the 
Government and other parties. 

In behalf of the Wheeler expedition be has investigated and analyzed 
the waters of tbirty-four mineral springs of New Mexico and Colorado, 
many soils of the arable lands of Arizona and New Mexico, rocks such 
as basalts, rhyolites, trachytes from New Mexico, coals of various local- 
ities in Colorado and New Mexico, lake and river deposits, mineitds, 
such as tur<]uois, garnets, zeolites, plants used for mediciual purposes 
by Mexicans, &:c., &c. 

Photography. — The photographic laboratory, under the direction of Mr. 
T. W. Smillie, has been in continued operation during the past year; a 

* For the expense of tlie tllastratioos, Congress appropriated $15,000 in March, 187E>- 

e',oo;;lc 



48 EEPOET OP THE SECEETAET. 

aerieB of photograpba having been made of ethnological and natnral his- 
tory specimens for the nse of the Institntioo, and a large nmonnt of 
work doue for others, especially for the Government snrveye. The 
establishment of a photographic laboratory has been of great conveni- 
ence to tbe Institation, and has been attended with bnt little expense. 
It affords at once the facility of photographing specimens and copying 
charts and other illnstratious, while tbe snpport of the artist has been 
furnished by work performed for other parties. 

lAgltt-House duty. — >I have been a member of the Light-Hoase Board 
since its first organization, and during all this time have discharged the 
dnties of chairman of the committee on experiments. On the resig- 
nation of Admiral Shubrick I was elected chairman of the board. I 
was honored with this election not entirely on account of the services I 
bad rendered in the way of scientific investigations, but principally 
because [ belonged neither to the Army nor the Navy, of which it was 
desirable that neither should claim predominance. The duty, however, 
pertaining to this office has been much more arduous than I anticipated. 
Indeed, in order that I might attend to it without interfering too mach 
with my devotion to the affairs of the Institution, it was necessary that 
the board should be recalled to a previous usage, namely, that of meet- 
ing every week and triinsactiug the principal business through its com- 
nittees, instead of meeting quarterly and intrnsting the operations of 
the establishment almost entirely to the two secretaries and tbe chair- 
man, under which plan the latter was obliged to be in continual attend- 
ance at the Light-House office. 

I am gratified to be able to state that, althongh some dissensions have 
occurred on account of the want of definite assignment by the original 
law of Congress of the relative duties of tbe Army and Navy while on 
light-bouse service, yet that the whole system at present is in an effi- 
cient state of activity. 

It may be proper to remark tliat, for the labor which I have bestowed 
upon the light-bouse service for upward of twenty years, 1 have received 
no other remuneration than that which results from the conscious feel- 
ing of having successfully labored in some degree to advance the effi- 
ciency of a service which involves the protection of life and property, 
and is one of the benevolent institutions tending to facilitate the rela- 
tions of distant coautries with our own. 

CO'NCLtJSION. 

From the foregoing statement it will be evident that the Institution is 
successfully prosecnting tbe plan adopted for realizing tbe benevolent 
intention of its founder in the way of increasing and diffusing knowl- 
edge among men ; that its funds are again in a prosperous condition, 
and that its reputation and usefulness are still on the increase. 

Respectfully submitted. 

JOSEPH HENRY, 
Secretary Smitliaonian InsUtuUon. 

Washihgton, January, 1875. t^\ ^^ q n | c 
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Table showing tke number of entries in the record-boolcs of the United States 
National Museum at the close of the years 1873 and 1874, respectively. 



Mannnttls . 

Birda 

Keptilet> and fttuphibiana , 

Skeletons andakalls 

ERga 

Crustaceans 

Annelids 

MollnakB , 

Radiates , 

Invertebrate foasils 

Hinerala 

Ethnological specimens , 

Total .♦. . 



8,222 


8.293 


12,514 


13.809 


13.290 


14. 409 


16,710 


17,062 


2,194 


2.204 


100 


100 


24,756 


24,757 


3,139 


3,143 


7,725 


7,727 


8,108 


9,178 


13,084 


16,415 



Iitcr«B8e foe 1874, 10,332. 





DiBtiibation to the 
end of 1673. 


DistribntioD 
dnring 1674. 


Totol to the end 
of 1874. 




Species. 


Speci- 


Species. 


Speci- 
mens. 


Species. 


Speci- 


SkeletoDS and skulls 


389 

1,038 
24,580 
1,975 
2,717 
6,676 
2,748 
1,078 
84,637 
583 
1.844 
23,370 
4,113 
5,453 
1,886 
83 


1,114 
2,990 
37,885 
3,230 
5.748 
16,770 
6,294 
2,650 
187,292 
778 
5,160 
39,705 
10,141 
11,152 

812 


40 
1,091 
299 
16 
54 
496 
900 


116 

1,789 

322 

42 

67 

1,100 

2,000 


429 
2.129 

24.879 
1.991 
2,771 
7,172 
3.648 
1,078 

89,789 

583 

1,844 

28,370 
4,135 
8,867 
1,950 
258 


1,230 




38,307 
3,202 






Nests and eggs of birds.... 


17,870 

8,394 

2,650 

195,292 






5,153 


8,000 










6,100 
49,705 


Plan ta and pack ages of seeds 


5,000 
13 

3,414 
64 
175 


10,000 

13 

5,100 

100 

200 


Hinerala and locks 

Ethnological specimens . .. 
Diatomac«ODseaTtbs,(pkgs 


16.253 

3,069 
1.012 


Total 


163,169 


333,680 


16,721 


28,849 


173,883 
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ADDITIOSS TO THE COLLECTIONS OP THE SMTTHSONIAN 
INSTITUTION (UNITED STATES NATIONAL MUSEUM) IN 
1874. 

Abert, J. T. One box of geological specimens from Nashville, Tenn. 

Aik^, C. E. A collection of birds from Colorado ; a monnted specimen 
of little striped skunk, {Mephitis bi^olor,) and two bottles containing 
contents of tbe scent-bags of Mephitis americamts and Mephitis bicolor. 

Albuquerque, SeiiOr Don Frederico. Skins of biimming-birds, fnngi, &c.; 
two living specimens of coati-mundi, (JVaswa, sp.,) from Brazil. 

AlSen, Mr, Oue barrel of skulls, from an Indian monnd near Hew 
Smyrna, Fla. 

Ambler R. C. One box of fossil plants from Virginia. 

American Sardine Company, New York, Speeimeii boxes of Americaa 
surdioes. 

Anderson, Thomas 0. One package of minerals from Ellison Station, Ky, 

Anderson, William, Two boses of stone implements and shells from 
Indian grave, from Perry Co., Ohio. 

Andreu!S, Dr. Bohert R. Nine microscoplffslides. 

A^ny, General W. F. M. Seeds of stone-pine and cigarita-shucks from 
tbe Navajo Indians, New Mexico. 

Ashton, L. M. Oue sjiecimen of fossil flsh from Green Eiver Station, 
Wyo. 

Atkins, 0. G. See under Washington, U. 8. Commisaion of Msh and 
Mslieries. 

Avery, T. 0. One skiu of duck-hawk, [Falco anatum,) from Greens- 
borough, Ala. 

Bagster, C. B. Specimens of spiders, (prepared.) 

Baird, Prof. Spencer F. One specimen of marmoset monkey, (Rapale 
jacchus,) in tbe llesh; a collection of earthen vases, (28 pieces,) from 
Peru; a collection of fur garments, miscellaneous ethnologica, and 
minerals, from Greenland ; a collection of plants, from the collection 
of the late Major Iticb. See, also, under Washington, U. 8. Com- 
mission of Fish and Fisheries. 

Baker, Capt. John. A collection of shells from Florida. 

Banks, T. C.,jr. One specimen of salamander, {NoU^hthalmvx virides- 
cen^,) from Walbngford, Conn. 

Barcena, Mariano. See under Mexico, Sodedad de la Historta Natural. 

Barfool, Joseph L. See antler Salt Lake Vity, Salt Lake Museum. 

Barnum, Phineas T. Specimens, in the flesh, of cassowary, (CosuariiM 
indicus,) nylgbaa, {Portax tragooamelue,) dromedary, {Camglus drome- 
darius,) sun-bear, (Eelarctos tibetantts,) and skeletons of ema and 
ostrich. 

Battle, Thomas H. Specimens of abnormal hens' eggs trom Baleigh, 
- N. 0. 



iM,Googlc 



ADDITIONS TO THE COLLECTIONS. 51 

Batty, J. R. Two boxes of bird-skins; mounted specimeai of great 
horned owl, {Bubo virginianus /) one box of bird-stema. 

Bean, Tarleton H. A collection of fresh-water fishes from Bainbridge, 
Pa. ; a collection of stone implements from Wyoming, Luzerne, Brad- 
ford, and Lancaster Counties, Pa. See, also, under Washington, U. S. 
Commission of Fish and Fisheries. 

Beardslee, Corner L. A., U. 8. N. Specimens of young of Dorosoma cepe- 
dianum from the Potomac Kiver, of Salmo fontinalis and Etheostoma, 
sp., from Little Falls, N. Y.; task of walms (Rosmarus obeaua) from the 
North Pacific Ocean. 

Beatta, James W. Specimens of agates and opals £rom Lake Snperior, 
Texaa, and Germany. 

Beck, Hon. James B. Specimens of minerals from Kentucky. 

Beckett, George. A collection of minerals from the vicinity of Williams- 
town, Vt. 

Beekwilh, Capt. N. W. A skeleton of " devil-flsh," [Lophivs ameriva- 
«««,) from the Bay of Fundy j one Chinese stink -pot. 

Belknap, Cotn'r G. E., U. 8. S. See under Washington, N'avy Depart- 
ment, Bureau of Navigation, 

Bendire, Capt. Charles, U. 8. Ca/calry. Two boxes of birds' eggs from Ari- 
zona; two bottles of Coleoptera from vicinity of Tucson, Ariz.; a speci- 
men of Heloderma horridum in alcohol. 

Bergen, Norway; Bergen Museum. Specimen of dolphin, {Delpkinus leueo- 
pleurus,) from the coast of Norway. 

Beasels, Dr. Fmil. See under Washington, U. 8. Navy Department, Po- 
laris Expedition. 

Billopp, John 8. One specimen of black wood-pecker, (Sylotomus pile- 
atus,) in the Hesh. 

Binney, W. G. Two specimens of Carinifex Newberryt. 

Blackford, E. 6. Fresh specimens of fishes : bine-backed trout, (Sahm 
oquassa;) striped bass, {Eoccus lineatus ;) tautog, (Taw(Oi(« onitis ;) 
cod, (Morrhua americana ;) saXmoa, {Salmo salar ;) white perch, {Mo- 
rone americana;) saury pike, {Sco^nheresox scutellatus ;) Spiinish 
mackerel, (Cyhium maculatum ;) leather-jacket, (0%o/»it(es occide>ita- 
Us;) drum, {Pogonias ckromis ;) red snapper, (Lutjanus aya ;) stur- 
geon, {Aoipenser brevirostris,) &c., &c. 

Boardman, George A, Candal vertebrte of porcupine {Erethizon dorsa- 
tus) from Milltown, Me. 

Boteler, Alexander B. One Indian stone implement from near Front 
Royal, Warren Co., Va. 

Sowers, Mr. Specimens of mnscovite from Ackworth, N. H. 

Boyd, C. S. One specimen of alligator terrapin, { Gypockelya temmincMi) 
from New Orleans, La. 

Bradford, A. A living specimen of red fox ( Vulpesfulvus) from Wash- 
ington, D. C. 

Breese, W. L. One skin of crested cormorant, {Graeultis ^Uopkua.) 
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Brewer, James I>. See ander Waahington, U. 8. Commission of Fish a»d 

Fisheries. 
Brinsmade, C. F. Ooe bottle of coleoptera from Fort Sully, Dak. 
British Museum. See uader London. 
Brown, M. R., V. S. Revenue Marine. One specimeD of Dana's coral 

{Asirangia Dana] from Lewea Beacb, Pa. 
Brown University. See nader Providence. 

Bruhin, Tkos. A. SpecimeQS of supposed new species of Yaccinium. 
Bmner, G. G. One specimen of hair-worm {QordivM uquaticns) Irom 

Oktibbeha, Miss. 
Brush, Prof. 6. J. A collectioD of miueTats. 

Bryan, 0. N. One specimen of fossil Area from Prince George Co., Md. 
Btiell, Sarah A. A specimen of asbestus from Marj'land. 
Buenos Ayres ; Mvseo Publico de B. A., Prof. M. Burmeister, A collection 

of binl-skins from South America; skull and skin of seal {Otaria 

leonina) from Patagonia. 
Bnie, D. M. ludiau skull and ethnological specimens from Wilmington, 

H". C, (on deposit.) 
Burmeister, Prof. H. See nnder Buenos Ayres. 
Byera, William N. One specimen of muscovite from Colorado. 
CanJieJd, E. Que specimen of selebite from Kansas. 
Carpenter, Capt. W. L. Specimens of reptiles' and birds' eggs from 

Omaha, Nobr. See, also, nnder Washington, Department of State, 

Northern Boundary Survey. 
Carroll, Michael. Prepared specimens of the gullets and skin of uubom 

cub of tbe harp-seal from Bonavista, ITewfoundland. 
Charleston, 8. C; Mus. of the Med. Col., Dr. Q. E. Manigault. Mounted 

skeletons of sheepshead, {Stenotomus argyroys,) and drum, [Pogonias 

chromia ;) fossils from the pbosphate-beds of South Carolina. 
Chandler, X. H. A living alligator, {Alligator mississipiensis,) young, 

from Florida. 
Chase, A. W. Ethuolo^cal specimens from shell-heaps in Oregon; 

drawings by a " medicine-man " of the Ta-ta-tin trilje, Crescent City, 

Oreg. 
Gheever, D. A. A bottle of orthoptera from Colorado. 
Chicago, Academy of Natural Sciences; Dr. J, W, Yelie, Tl'vio mounted 

skins of birds. 
Christiania, Norway ; Zoological Museum; Prof. G. 0. Sars. A collec- 
tion of shells from Norway. 
Clarke, Prof. F. W. Specimens of cyprinodonts fW)m Massachusetts. 
Clarke, N. W. See under Washington, U. 8. Commission of Fish and 

Fisheries, 
CHtz, Oen. E. B., U. S. A. A shoulder-blade of buffalo, with Indian 

paintings. 
Cock, George. One specimen of aquscreptite from Chester Co., Pa. 
Cockerill, J. R. Two minerals. 
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Coffin, Charles C. Specimens of iron-ore, with fossil ferns, from Muir- 

kirk, Prince George Co., Md. 
Coleman, J. T. Fonr salmon-skins isora IshpenDing, Mich. 
Collins, W. S. A mounted specimen of kiog-eider duck {Somaferia 

spectahilia) from Detroit, Mich. 
Comma^Sre, Frank Y. Ethnological specimens and tooth of narwhal 

{MonodoH monoeeros) from Greenland. 
Cooper, George P. Specimens of insects. 
Cooper, W, A. A collection of birds' eggs and nesta from Santa Cruz, 

Cal. 
Copenhagen; Museum of Zoology, A model of Danish flsh-weir, 
Cornwall, Prof. S. B. See under FriiiceUm, Museum of tlie College of 

New Jersey. 
Couch, Sen. D. N. The Berlandier Collection of minerals from Mexico, 

eleven boxes. 
Coues, Dr. Ulliott, U. S. A. See under Waahin0on,, Department of State, 

Northern Boundary Surney. 
CouloK, Dr. Louia. Specimens of ancient pottery from Central Europe ; 

a collection of alcoholic mammals. 
Cowen, Oen. B. B., Assistant Secretary of the Interior. An Indian pipe 

of peace smoked at the great council of the Grand Biver agency by 
the Umpapa Sioux. 
Creveling, J. P. Specimens of California salmon [Salmo quinnat) one 

year old from the Sasquehauna River. 
Cushing, Frank H. A collection of bone implements from an Indian 

grave near Medina, N, T. 
Dall, William H., Coast Survey, U. S. A. Thirty-seven boxes and kegs 

of general zoological and ethnological collections from Alaska and 

California. 
Davenport, Iowa; Davenport Academy of Natural Sciences. A collec- 
tion of Indian crania from mounds in Iowa, 
Davidson, Mr. Specimens of magnetite and of ornamental woods from 

Salem, Oreg. 
Davis, D. W. Specimen of a root encircling a water-pipe, from Wash- 
ington, D. C. 
Derer, J. T. Specimens of minerals from Georgia. 
Dickinson, E, Thirteen egga of the marbled godwit, {Limoaa fedoa.) 
Dickie, J. A. Specimen of mineral from Independence, Va. 
Douglas, Harry. Two 8teel-tippe<l Indian arrows from Kansas. 
Douglas, James, jr. Plaster-casts of stone hammers from OampaQa 
. Serena, Coqnimbo, Chili. 
Dow, Capt. J. M. ^ A living specimen of burrowing owl [Spheotyto cuni- 

eularia, var. Jloridanus) from the Gulf Stream, 200 miles from the 

coast of Georgia; a collection of fishes from Panama; two packages 

of Central American minerals. 
Dowell, B. F. Specimens of fossil wood from Oregon. 
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Dury, Charles. Nests of worm-eating warbler {BelminthopJtaga vermi- 
torus) and Carolina wren, {Thryothoms Iwdoviciantis.) 

Dtttton, Thomas S. Specimtios of qaartz arrow-heads from Uiiioiitown, 
D.C. 

Edviunds, Colonel. Specimens of bowlder rocks from White Top Moan- 
tain, Orayaon Co., Va. 

Edwards, Vinal 2f. See under Washington, U. 8. Commission of Fish and 
Fisheries. 

Elliott, Henry W., Special Agent Treasury Department U. S. Eight boxes 
of general zoological and ethnological collections from the North Pa- 
cific ; skins of sea-otter, [Enhydra marina,) and skulls of Walrus, {Bos- 
marws obesus,) from Alaska ; one tank of alcoholic e[)ecimeD8 from the 
Aleutian Islands ; angite crystals from Saint George Island, Alaska. 

FIttdlich, Dr. Frederic M. A collection of minerals from Saxony. See 
also under Washington, Interior Department, U. S. Geological Survey. 

Farrell, Norman. A skull of large turtle from the Oclockuee River, Flor- 
ida. 

Fay, Joseph 8. A specimen of oyster (Ostrtea mrginiana) from Wood's 
Hole, Mass. 

Ferguson, Maj. T. B., Maryland Commissioner of Fisheries. Two living 
specimens of black bass, {Micropterus salmoides.) 

Field, S. T. Specimen of fish (Qila, sp.) and fossil fish from Green 
Eiver, Wyoming. 

Finck, Hugo. An alcoholic specimen of frog (Bkinostomus dorsalis) 
from a lagoon near Cordova, Mexico. 

FHsh, W, 8. Asbestos paper and cloth from Scotland. 

Fisher, Davenport. A collection of minerals from Ackworth, N. H. 

Fitzkugh, D. F. Specimens of fishes fr<om Bay City, Mich. 

Fletcher, W. W. Specimens of whit«-fish [Coregonusy sp.) from NeW 
Hampshire. 

Fly, Major. Specimens of silver-ores from Chihuahua. 

Forsyth, W. A. Manganese-ores from West Virginia. 

Fossick, T. L. & Co. Specimeti of polished marble from Ingleton, Ala. 

Fraine, Thomas W. Mounted specimens of birds from Rochester, K. Y. 

Qahb, Frof. William M. Two stone idols from Santo Domingo ; eight 
boxes of general zoological and ethnological collections from the 
Talamanca expedition, Costa Kica, 

Qass, A. M. Specimens of vegetable gnm and galls from Campo, San 
Diego Co., Cal. 

Qidney, Love and Burton, (through V. S. Department of Agriculture.) 
Specimens of minerals from Cleveland Co., N. C. 

QoJAen, H. W., through C. G. AtHju. Specimens of Osmerus, sp., from 
Bel^wle, Mo. 

Goldsmith, Dr. Middleton, Vermont Commissioner of Fisheries. Collec- 
tions of fishes aud crustaceans fix>m Central Germany and- from the 
river Seine. 
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Qoode, O. Broim. Specimens of menbadeTi {Brevoortia mmkaden) atid 
paLTAsites {Ct/mothoa pragmtator) from tbe Potomac Itiver; a collec- 
tion of fishes from the lower Saiot John's Biver, Florida. See, also, 
under Middletown; Museum of Wesleyan Unwerattp; and WashingUm, 
U. S. Commimioa '>f Fish avA Firkerie:). 

Qordon, Son. John B. Ooe specimen of coal from Alabama. 

Origgs, Son. A. S. Specimens of minerals from Washington Territory. 

Griswold, C. D. See aoder Washington, U. S. Commission of FHah and 
Fisheries. 

Sague, Henry. Aboriginal musical instrumeots from Guatemala. 

Sailes, J. Bodcb and pottery from an Indian mound in Tennessee. 

Sardenburgh, L. B., U. S. Sureeyor-General for California. Speoimeoa 
of borax from California ; miDerals from Califoruia. 

Sard&itie, W. X., Hudson Bay Company. Skins and skeletons of male 
and female mask-oxen (Ovibos moschatus) from tbe Barren Orouuda 
of Arctic America. 

Barmer, Miss Helen A. An Indian pipe from Keshena, Wis. 

Harris, D. W. Specimen of stag-horn beetle from Louisiana. 

Hart, Dr. Charles A., U. 8. A. Specimens of Montana grayling, [Tky- 
mallus montanensis, n. sp. Milner.) 

Hart, James M. Specimens of brown coal from Oswego, N. Y. 

Hurting, Dr. J. E. Skins of grallae from various locaUties. 

Harvey, F. 8. Four specimens of o31it« from Des Moiues, Iowa ; speci- 
mens of roots {Psoralea eseulenta) used as food by the Indians, from 
vicinity of Humboldt, Iowa. 

Harvey Rev. M. Arm of squid (Architeuthis monachus) from Newfound- 
land ; series of mounted skins of Newfoundland seals. 

Haakins, Anderson. One malformed hen'segg from Washington, D. 0. 

Hayden, Dr. F. V. See nnder Washington, Interior Department. 

Sayes, Dr. W, W, Two stone implements from San Luis Obispo, Oal. 

Haynes, Benjamin. Minerals from Bergen Hill, N. J. 

Heidelherg University Museum, l^rofessor Pagenstecher. Skins of mam- 
mals from Europe; skeleton, fossil, of Halitlwrium SoUnat. 

Hemphill, Henry. A coUeotiou of insects, marine invertebrates, Sec, 
from San Diego, Cal. 

Henshaw, H. W. See under Washington, War Department; Surveys west 
of the one hundredth meridian. 

Hereford, Dr. Thomas P. Au aboriginal stone pipe from Coalburg, 
W. Va. 

fferron, J. P. A specimen of muacovite from Atlanta, Ga. 

Bessel, Dr. Rudolph. Specimens of the cocoons of the common leech 
(Hirudoimedioinalis) from Germany. 

Hill, George W. Indian stone implements from Ashland, Ohio. 

HiU, J. B. A living specimen of alligator, [Alligator missisaippiensis,} 
young, &om Florida. 
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Sitdwock, G. N, A skio of bnllock's oriole (Teterus BuUocki) from San 

Diego, Cal. ; eggB of anknowD bird. 
Molat, Ckruttan, Secretary of tke Boyal Univa-aitp of Norway. Speoi- 

meus of chalk foRsils from &)tland Island, Sontb Sweden. 
Moope & Goit, Fort Monvwuth I^hery, New York. Sample boxes of sha- 

diues (Brevoorta menkaden) iu oil. 
Homer, Gharles F, Indian stone implements, &c., from Flicenix, Ariz. 
Subbard, Lieut. E, B., U. 8. Artillery. Specimens of cloth from Monte- 
zuma Wells, Ariz. 
Etitchina, W. B. Specimens of minerals &om Lexington, Ind. 
Hyer, J. D. Specimens of darter (JHleoma caprodea) from the Potomac 

River. 
Jackson, E. E. One living specimen of soft-shell tartle {PUitypeltis 

ferox) from the Congaree Eiver, Sonth Carolina. 
Jennings, 8. K, Fossil shark's teeth and sea-urchin spines from Bienzi, 

Miss. 
Jenkins, J. H. Specimens of aznrite from Arizona; agates from Lake 

Superior, (on deposit ;) a collection of Indian stone implements from 

Central Pennsylvania, (on deposit.) 
Jenlcs, Frof. J. W. P. See under Providence, Museum of Brown Univer' 

sity. 
Jenkins, Admiral Thornton N., U. 8. N. Specimens of bricks from the 

great wall of China. 
Jones, John P. A slab with Indian carvings from Keytesville, Mo. 
Jones, Dr. William H., U. 8. N. See under Washington, Navy B^art- 

ment. 
Jordan, Br. IVanklin. A specimen of Yoluta junona and mineral from 

Jacksonville, Fla. 
Jovp, F. Louis. Skin of Arkansas fly-catcher ( Tyranrms vertiealis) from 

Maryland. 
Kapena, Governor. One wooden pipe from the Sandwich Islands. 
Kellogg, Br. A,, tbroagh U. 8. Ooaat Survey Office. A collection of 

mosses and lichens from Alaska. 
Eeenan, J. B. Mississippi State currency, one one-dollar bill. 
Kelly, B. M. Specimens of clay from Little Wolf, Minn. 
Kenny, William H. A living snake (Boa, sp.) from Brazil. 
Kercheval, A. W. One specimen of specular hematite from West Vir- 
ginia. 
Kerrick, L. E. One skin of black-footed weasel {Putorius nigripes) fhim 

Western Kansas. 
Ketcltam, Br. Ovaries and stomach of black bass (Mieroptervs sal- 

moides) taken in the Potomac River. 
Kinney, Thomas W. A cast of an Indian carving from Ohio. 
Krider, John. Specimens of shot. 
La Munyon, J. W. One skin of black-footed weasel {Putwius nigripes) 
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from ^North Platte, Kansas; bead of grebe; shells from tbe Loup 
Biver, Misaoari. 

Lamb, George. Specimens of coral from Florida. 

Latham, James M. A collectioa of Ssbes from Florida. 

Latham, Gapt. Silas B. A collectioo of sbells from Florida. 

Law, Annie U, One box of ethnological BpecimCDs from DaltOD, Ga.; 
ethnological specimens IJom a mound, Ghilbowee Valley, Little Ten- 
nessee Biver. 

Law, Dr. One skin of black-footed weasel {Futoriua nigripes) from 
Cache La Poudre Valley, S. Colo. 

Lea Isaac. One specimen of Ltoptax ^ctostomiformis ; two specimens 
of Carinifex Newberryi. 

Ledyard, L. W. One specimen of barleqnin snake {Elaps fulvius) and 
insects from Orange Bluff, and one pipe-fisb (Si/ngnathus, sp.) from 
Saint Augustine, Fla, 

Lue, Col. Francis L. Fishes from Kamtchatka. 

Lenthall, John. Bas-relief of human bead, funeral ara, and lachrymal 
urn, from Baii, Italy. 

Lewis, Dr. James. A collection of land and fresh-water shells from 
New York ; a collection of univalve shells from various localities. 

Lincecum, Dr. Gideon. A cranium of negro outlaw from Long Point, 
Tex. ; insects from Texas. 

Loew, Dr. Oscar. See under Washington, War Department, Surveys west 
of the one hundredth meridian. 

London, British Museum. Cast of Assyrian tablet. 

Lloyd, E. B. One star-flsh and a fish's tail from Port Townsend, W. T. 

Lartet, Dr. See under Lyons, France; Musie WHistoire Naturelle de Xion. 

Dowry, T. W. One specimen fossil Tfnio from Elizabeth City Co., Va. 

Lu^e, M. M. Ten specimens of white-fish (Caregonus, sp.) ^om Indus- 
try, Me. 

Lynch, Judge. Indian pipe and tomahawk from Weldon, N. C, {on 
deposit.) 

Lyons, France; Musie WMistoire IfatwreJle de Lyon, Dr. Lartet. A col- 
lection of fossil bones and flint implements from the prehistoric sta- 
tion at Solntr^, near Macon, (Saone et Loire,) France. 

McCooh, General A. McD., U. S. A. One bill of a saw-fish iPriaUs 
antiguorum) from Santiago Harbor, Tex. ; one Comanche lance, and 
scalp of white child, from Fort McKavit, Tex. 

Mackenzie, Dr. E. S. R. A box of dried leaves. 

McLaughlin, W. B. Specimens of young herring {Clupea ehngata) from 
spawning-ground, southern head of Grand Manan, N. B. ; one egg of 
raveo {Gorvus carnivorus) from Grand Mauan. 

McBitchie, Capt., U. 8. S. One Eskimo dog-trace from Greenland ; 
specimens of cryolite from Ivigtot, Greenland. 

Manigault, Dr. 0. E. See under Charleston, 8, C, MusewH of the Medi- 
cal College. 
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Maprs, John S. Speoimens of miDeral (Titanitet) from Warwick, N. T. 
Marsh, S. J. A package of pebbles from New Jersey. 
Mason, Judge Charles. Specimens of rocba ttom Mount Yesavias. 
Mason, Prof. 0, T, One Gomaacbe tomabawk-pipe from Port Sill, 

Idaho ; specimeiiB of betel- nuts from Baiigon, Burmah. 
Mather, Fred. Fios of grayling iTkymallus tricolor) from Honeoye 

Falls, N.Y.; one specimen, in the flesh, of thegri8on(G([h'c(MOT'((ato;) 

8i>ecimen8 of grayling from Honeoye Falls. 
Maxicell, Mrs. M. A. Skina of gray-crowned finch {Leucosticte tepkroo)- 

tis) from Boulder, Goto.; a collection of land-shells from Colorado. 
Meek, Prof. F. B. One specimen of harlequin snake, {Elaps distans,) 

other reptiles, and insects, from Florida. 
Meigs, General M. C. Specimens of Indian potteryfrom Arizona; Indian 

pipe from the Dog tribe ; tour pieces of pottery from Pueblos, Tex. ; a 

fresh skin of wapiti, {Cervus canadensis.) 
Middletown, Conn.; Museum of WesUyan University, 6. Broicn Qoode, 

curator. Skins of raptores from New England ; skins of birds from 

Ecuador, 
Mexico; Sociedad de la Sistoria Natural, 3tariano Bareeaa. Specimens 

of opals from Mexico. 
Miller, Br. C. A. A collection of fossils from the Cincinnati group ; a 

collection of stone implements from the banks of the Ohio Birer, be- 
tween Meigs Co., Ohio, and Madison, Ind. 
Mills, Clark. Casts of the heads of Eskimo Joe and Hannab. 
Milner, James W. See under Waskington, U. 8. Commission of Fish and 

Fisheries. 
Mitchell, Br. 8. Weir. Specimens of Indian pottery from Michigan and 

New Jersey. 
Moffatt, J}r., U. 8. A. Six Hoopa Indian arrows, {throngh U. S. Army 

Medical Museum.) 
Montfort, Rev. J. &. Specimens of land-shells from United States. 
Moody, Elisha. Sponges and Indian stone hatchet from Florida. 
Moragn4, Br. N. H. Specimens of bones, shells, &c., frt>m a moand near 

Filatka, Fia. 
Moore, L. P. Specimens of minerals from Winchester, Va. 
Moore, N. B. Fossil bones, bird-skins, and eggs from Manatee, Fla. 
Morrison, F. L. Sp^imens of silver-ores from Mexico. 
Morrison, J. R. B. Specimens of minerals. 
Miiller, Prof. Rudolph. Specimens of fungi from Cnrtbagena, Ohio; 

stone implements and bones from Carthagena, Ohio. 
Murray, Com'r, U. 8. N. Teeth of fossil shark, and bill of a saw-fish, 

{Pristis antiquorum,) from South Carolina. 
Nask, Thomas S. One articulated human skeleton. (Purchased.) 
New Albany, Ind. ; Academy of Sdenoes. Casts of bone implements from 

shell-heaps. New Albany, Ind. 
Nichols, Br. C. M., Government Asylum for tite Insane, SpecimenBf in 
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the flesh, of grizzly bear, ( Prgiw horriUlia,) and bald eagle, {Haliaetus 

leucoc^katm.) 
Nickerson, Qeorge T. Oue bird's egg {M^apodius, sp. t) from the Celebes 

IslandB. 
Ocean Trout Co., Fort Monmowtk, If. J. Sample boscs of " ocean trout," 

{Brevoortia menhaden,) pickled. 
Oldmixon, Dr. Qeorge S., XT. S. A. Specimens of grayling {Tkymallua 

montanenaia, Milner, n. sp.,) from Montana. 
Otis, Col. Harrison 6. Petrological and botanical speciineoa from Gua- 

dalonpe Island, Lower Gal. 
Oxford, Ungland ; Mitseum of Nat. Sistory ; Prof. Qeorge Eolleston. Foar 

boxes of stone implements and pottery, and crania of ancient Saxons, 

from England. 
Pageneteck^, Professor. See nnder Heidelberg, University Museum. 
Palmer, Dr. Edward, Two pactages of ethnological specimens from 

Florida. 
Papiiieau, E. A. One box of pinned coleoptera from Topeka, Bans. 
Parker, W. F. A tail of black-tjiiled Heer (Cervus macroHs) from Red 

Cloud agency. 
Peshall, Gapt. Charles. One stone knife from Clark Co., Ark.; shells 

and quartz crystals from Ouachita Valley, Ark. 
Phinney, Captain. Five specimens of Otsego white-fish {Coregonus Otse- 
go) from Otsego Lake, N, Y. 
■ Pierson, William L., U. H. vice-consul. One specimen of meteoric iron 

from Casas Grandos, Chihuahua, Mex. See under Washington, De- 
partment of State. 
Pike, Col. Nicholas, U. 8. consul. Twelve packages of general zoologi- 
cal collections from Manntiiis and the Indian Ocean. 
Poey, Prof. Felipe, University of Havana. Collections of minerals, skina, 

and alcoholic specimens of fishes, from Cuba. 
Pohlenz, Franz. Two iron-atone nodules from Washington, D. C. 
Poor, C. It. One specimen sponge from Nantucket. 
Potts, John. A collection of reptiles and fishes frxim Mexico. 
Powell, Maj. J. W. See uuder Washington, Interior Department. 
Pratt, W. H. Specimens of Helix multilineat-us from Iowa. 
Princeton, N. J.; Musewm of Princeton College; ProfH.B. Cornwall. A 

collection of minerals from various localities. 
Prentiss, Dr. C. A. A fresh akin of white pelican iPeleeanns erythrorhyn- 

chus) from Dade Co., Mo. 
Providence, R. I. ; Museum of Brown University ; Prof. J. W. P. Jer^s. 

Skins and eggs of birds, and Seminole leggings from Central Florida. 
Putnam, Joseph. Duncan. Skin of Thomomys, sp. from Camp Brown, 

Wyo. 
QKcredo, John, U. 8. JT. Specimens of venomous serpents from San 

Juan Kiver, Kicaiagua. 
Jtcid, J. W. One specimen of fossil crlnoid ^m Urban%OM(^^{p 
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Kettss, Dr. A. ColIectioD of serpeiits, fishes, and etbuologicul specimens 
from Belleville, Hi. 

Rice, Jos. K. Odo mineral from IlacltettBtowii, N. J. 

Robeson, Hon. George M. One specimen of sea-turtlu from Key West, 

■ Fla. 

Roome; James S, Que flsb-skio. 

Russell, Mr., U. S. N., { U. S. Steamer Swatara.) Specimens of Lejndop- 
tera from Brazil and tbe Cape of Good Hope. 

Salt Lake City; Salt hake Museum; J. L. Barfoot. One bottle of Crusta- 
cea I^Artentia, sp.) from tbe Great Salt Lake, 

Sandberger, Prof. Fri^lin. Si>ecimens oi Helices from Germany. 

Sanford, C. 0. A living specimen of great borned owl, {Bubo Virgini- 

Sars, Brof. 6. 0. See nnder Christiania, Norway ; Zoological Museum. 
Seammon, Capt. C. M., U. S. Revenue Marine. HpecimenBof baleeu from 

three species of whales ; skull of Orca; skeleton of striped porpoise, 

{Lagenorhynchus obliquidens;) embryo of Baird's porpoise, (Deipfcmia 

Bairdii;) whale's skeleton, &c., &c. ; all from the Pacific Ocean. 
Schneider, A. B. Two specimens of common mole {Scalops aquatieus) 

from Falls Cburcb, Va. 
Schoolcraft, Mrs, if. B, A specimen of " soap-tree " wood from Cliili ; 

one flint arrow-head and specimen of Indian weaving from Arizona j 

specimen of Indian matting from Dnrango, Mexico. 
Schumacher, Paul, U. S. Coast Survey. A collection of marine invert*"- ■ 

l»^tes from Oaliforaia ; a collection of ethnological specimens from 
■ San Luis Obispo, Gal. 
Seely, Commander H. B., U. S. N. One specimen of porcupine fish 

{Paradiodon hystrix) from Fort Jefferson, Fla. ; skins of mammals from 

Europe. 
Seyboth, Robert, TJ. S. Signal- Service, through U. S. Signal Office. Two 

bottles of insects from the summit of Pike's Peak. 
ShaK, -Tames. One box of fossils from Mount Carroll, III. 
Shepard and Weston. Fresh specimen of namaycush [Salmo nemapeusk) 

from Bay City, Mich. 
Shepard, Prof. G. U. Two jars of fishes from Cuba. 
Shepherd Bros. A box of pebbles from Warren Co., Iowa. 
Silliman, Prof. Benjamin. Specimens of priceit«, gold, and zircon, from 

California. 
Si]>a, George, and Sons. One specimen of peacock-coal from Allegheny 

Co., Pennsylvania. 
Slack, Dr. J. if., Seic Jersey Commissioner of Fisheries. Specimens of 

jouug and embryonic California salmon {Salvto quinnat) from Trout- 
dale hatching-house. 
Slagle, John W. One box of stone imi>lement3 from Gongaree River, - 

South Carolina. 
Smith, J. Lawrence. Specimens of limestone-rock from Louisville, Ky. 
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Smith, R. K. Silver-ores from ArkansaB. 

Snyder, J)r. J, F. One box of letif-sbaped atone implements from Beards- 
town, Cass Co., 111. 

Stabill, Joseph, through Tarleton IT. Bean. One tortoise-shell ear-ring 
from the Fejee Islands. 

Stearns, E. E. G. Seeds of coniferons trees from Oalifornia. 

Steinberger, Col. A. B., Special Agent Slate Department U. S. Collections 
of etlitiological and botanical specimens and marine invertebiates^ 
Didunculus, sp., and other birds from the Samoan Islands. 

Sternberg, Charles H. Specimens of ammonites from Ellsworth Co- 
KnuHas ; fossil plauts from Fort Barker, Kans. 

Stevens, K- P. Specimens of BevoniaD plants from Bockingham Co., 
Virginia; gold-ores Irora Venezuela; Indian mnlling-ittone from Yene- 
zaela. 

Stevenson, I'rof. J. J. Two stone chisels from West Virginia and Colo- 
rado. 

Stevemon, James. One skin of mule-deer, (Cenwsmocrofis;) a specimen, 
in the flesh, of puma (Felis coticolor) from Colorado. 

StUitell, E. M., Maine Commissioner of Fisheries. One specimen of cusk 
[Lota maculosa) from Moosehoad Lake, Maine. 

Stone, Gen. C. P. Casts and squeezes of Egyptian antiquities. 

Stone, Livingston. A collection of alcoholic fishes from the Sacramento 
Eiver, California ; specimens of Salmo, sp., from DubUn Pond, Keene, 
N. H. 

Stratton. L. Specimens of marine algfe from Cape Flattery, Washing- 
ton Territory. 

Streets, Dr. T. Rale, U. S. Steamer Portsmouth. See nnder Washiti^n, 
Xapy Department. 

Stuart, William JB. One Indian calnmet from Augusta Co., Va., {through 
Hou. P. H. Hereford.) 

Sumiehrast, Prof. F. A collection of birds from Mesico. 

Sutherland, John. One specimen of lump-fish {Cyclopterus lumpus) from 
Hew York Harbor ; one specimen of Zoarces angutllaris from New 
York market. 

Swan, James 6. A collection of ethnological specimens, Indian stone 
implements, from WashingtoQ Territory. 

Tegetmeier, W. B. Mounted specimens of poultry-skins and skulls from 
England. 

Thompson, John A. Vegetable pleistocine remains from Jersey ville, Jer- 
sey Co., m. 

Tliomson, J. H. Specimens of fishes from New Bedford, Mass. 

Thompson, J. K. Specimens of wood from Iowa. 

Tisdale, E. J. One specimen of painted bnutiug {Cyanospiza cms) from 
Mooreville, Ala. 

Turner, Lucien M., U. S. SigAal-Servioe. Colleclion of birds and eggs 
from Oonalashka and Saint Michael's, Alaska. CiIK^qIc 
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Fan Fket, Walter. One specimea of Blackburoian warbler {Dendroica 
BUtckburnice) and scarlet tanager [Pyranga rubra) from Watsontown, 

ea. 

Velie, Dr. J. W. See Chicago Academy of Natural Sciences. 

Vieitna, Austria; Zoological Museumf Dr. L. Heettenbacher. A collection 

of skins and skeletons of mammals and birds. 
Wahl, Dr. W. S. One specimen of asbestos from Pliiladelphia, Pa. 
Wallbaum, A. One specimen of crystalline limestone from Sagetown, 

III. 
Waiker, Com'r J. Q., U. S. N. One lot of fossil shark's teeth from 

Charleston, 8. 0. 
Wallace, J. Une specimen of snowy owl {Nydea nivea) from N'ew York 

market. 
Walton, W, F. Specimens of ailver-ores from White Pine District, Nev. 
Washington, D. C: 
Department of State, U. 8. A., United States Survey of the Northern 
Boundary, {Hon. Archibald Campbell, Commisgioner.) Zoological, 
botanical, and ethnological collections made by Dr. Elliott Coues, 
naturalist of the expedition; skeletons of elk, [Cervus canadensis,) 
and beaver, {Castor canadensis,) collected by Capt. W.L. Carpenter, 
V. S. A. See elsewhere, under the names of Col. Niwlas Pike, 
Charles Weile, and William L. Pierson, U. 8. Consuls, and Col. A. B. 
Steinberger, Special Agent. 
Treasury Department, U. 8. A. See under the name of H. W. Elliott. 
United States Revenue Marine. See elsewhere, under the names of 

Capt. G. M. Scammon and M. R. Broicn. 
United States Coast Survey. Sea under the names of A. W. Cluise, 
William H. Dall, and Paul Sckumaeher. 
War Department, U. S. A. : 
United States Army. See under the names of Oen. M. C. Meigs, 
6en. H. Jt. Glitz, Gen. A. McD. McGook, Capt. Charles Bendire, 
Capt. W. L. Carpenter, and Lieut. G. M. Wheeler. 
Surgeon- GeneraPs Office, United States Army Medical Museum, {Dr. 
O. A. Otis in charge.) Ethnological specimens from Pembina, 
Dak. ; one stone hammer ; one 0t4 necklace of bnman toes ; one 
skin bag. See, also, under the names of Drs. Elliott Coues, Peter 
Moffatt, R. C. Yarrow, Q. S. Oldmixon, Charles A. Hart, and J. T. 
Rotkrock, medical officers United States Army. 
Surveys west of the one hundredth meridian, Lieut. G. M. Wheeler in 
charge. General zoological and botanical collections made by 
Dr. H. C. Yarrow, Dr. J. T. Rothrock, Mr. B, W. Henskaw, and 
Dr. Oscar Loew. . 

Signal- Service U. 8. Army. See under the names of Sergeants Rob- 
ert Seyboth and Luden M. Turner. 
N'avy Department, U. 8. A.: 

U. 8, Navy. See nuder the names of Com'r J. Q. Walker, Corner 

. Cookie 
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Murray, Com'r Skerritt, Corner Sfelge, Admiral J^iMns, Gom'r L. A. 
Beardalee, Corner George Dewey, Corner 6. E. Belknap, William lius- 
tell, Mr. Qnevedo, 
Bureau of Navigation, Commodore Daniel Ammen. SpecimeDS of 
dredgings firom the coast of California, United States Steamer 
Tmcarora, Commander G. E. Belknap ; zoological aud botanical 
collections from tiie coast of Lower California, the Gnlf of Cali- 
fornia, and the Beviligigedo Islands, United States Steamer Nar- 
ranganaett, Commander George Dewey, collected by Surgeon William 
Eoera; zoological, botanical, and etlinological collections, from 
Palmyra aud other Polynesian Islands, United States Steamer 
Portsmouik, Commander J. S. Skerritt, collected by Surgeong Wil- 
liam H.Jojie8,and T.Hale Sheets; nioe speciiueua of bottom- 
BQundings from the Gulf-coast of Mexico, United States Steamer 
Fortune. 
Polaris Ea^edition, Oapt. C. F. Hall. One skeleton of polar bear 
{Uraus maritimus) from Greenland, collected by Dr. Emit Beaaels. 
Interior Department, U, 8. A. : 

General Land-Office. See under the names of Surv^ors-General L. 

Bardenburgh and John Wasson. 

United Statea Geological Survey of the Territoriea, {Prof, F, T. ffayden 

in charge.) Four boses of minerals from Colorado, collected by 

Dr. F. M. Endlich. 

United States Oommiasimt of Fish and Fiaheries, (Prof. Spencer F. 

Baird, Commiaaioner,) Sixty boxes general zoological collections 

from Noank, Conn., and vicinity, by Prof. A. E. Verrill, G. 

Brown Goode, and Tarleton H. Bean; one barrel of zoological 

specimens from Holyoke, Mass., collected by J. W. MUner and C. 

D. Gristoold; fishes from Waukegan, III., collected by J. W.Milnvr; 

three boxes of Salmonid(B ftom Sacramento Eiver, Gal., collected 

by Livingaton Stone; eggs of ^hite-tish {Voregonus albva) from 

Michigan, collected by N. W. Clark; eggs of salmon (Salmo salar) 

from Bncksport, Me., collected by C. G. Atkins; fifteen boxes of 

zoological specimens from Wood's Hole, Mass., and Cape Cod, 

collected by Vinal N. Edwards; models of dory used on the coast 

of Xew England, and of drying- flakes, from Portland, Me.; one 

model of fiah-way from James D. Brewer, Money, Pa, 

Smithsonian Institution ; Survey of the Colorado, (Maj. J. W. Pojcell 

in charge.) Four boxes of fossils from Colorado. 
Department of Agriculture, {Hon. Frederick Watta, Commissioner.) One 
specimen of Menopoma alleghaniensis ; one bottle of reptiles. 
Wasson, John, U. S. Surveyor-General for Arizona. One package of 
minerals from New Mexico, and silver-ores from Santa Torreas mine ; 
minerals from Keystone mine, Arizona. 
Waterhouse, Dr. A. A collection of butterflies from Chautauqua Co., 
M.T. 
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64 ADDITIONS TO THE COLLECTIOSa 

Webb, John 8. Ooe specimen of white weasel {Putorius noveboracensia) 

lirom Ghnckatucli, Ya. 
Webster, Prof. H. E. A collection of fisbea in alcohol from Eastern 

Shore of Virginia. 
Weile, Charles, U. 8. cowuL One apecimen of boa (" Tigre^) in alcohol 

from CrQayaqnil. 
Weslegan University. See nnder Mid^town. 
Wkitaker, James G. One Indian vase from Baldwin Co., Georgia. 
Wilkinson, A. G. A collection of fiahes from British provinces. 
Williams, D. H., M, D. A collection of silver-ores from Northern 

Mexico. 
Williams, Milo Q. A collection of plants from Ohio. 
Williamson, Thomas. Specimens of fossil ferns and lepidodendra ft^m 



Wilson, J. K. Collection of minerals, for examination, from Forest Oity, 

Mo. 
Wing, Melvin. One stone implement ft^m Mount Ternon, Ohio. 
Wood, August S. One skull of the Virginia deer {Cariacus virginian'oa) 

from New Tort. 
Wright, Bryce M. One cast of a bird's head (Odontopteryx toliopica) from 

the London clay, Sheppey, England. 
Wright, D. T. A collection of crania and Indian relics from Clarksville, 

Tenn. 
Yarrow, Dr. H. C. Specimen of cod {Qadus morrhtta) from New York; 

seven bird-skins from the Alps, Switzerland ; Juniperus from Arizona, 

and bird-trap from France. See also nnder Washington, War D^art- 

ment. Surveys west of the one hundredth meridian. 
Yates, L. Q. Casts of teeth of the fossil elephant (Mastodon) from 

Solano Co., Cal. 
Yeager, F. M. A collection of minerals from Pennsylvania. 
Zoological Society of Philadelphia. Fresh specimen of yak, (^>ephagus 

grunniens.) 
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DEPOSITS IN COECORAS ART-GAIXEKT. 65 



LIST OF ARTICLES DEPOSITED BY THE SMITHSONIAN IN- 
STITUTION IN THE GOECOEAN AET-GALLEET, WASH- 
INGTON. 

1. Portrait of the late Hon. William C. Preston, of Sontb Garoliua, 
by G. P. A. Healj. 

2. Portrait of the late Ex-Presideot John Tyler, of Virgiuia, by G. P. 
A. Healy, 1859. 

3. Full-length portrait of M. Gnizot, of France, by G. P. A. Healy. 

i. Cast of a bas-relief of " Phoebus," from a marble found in the ruina 
of ancient Troy, in 1873, by Dr. Schliemann, of Athens, Greece, who 
presented it to tbe Smithsonian Institution. 

5. Marble head of Diana, (antique.) 

ENaEATIHGS AND ETCHINGS. 

1. Lioness and Young. Engraving, by J, F, Eidinger, 

2. Two engravings of deer. Engraving, by J. F. Eidinger. 

3. Silenus. Line engraving, by Bolaevert. 

4. Hercules. Line eugraviDg, by Eottsseler. 

5. A Centaur instructing Achilles. Line engraving, by Bervie, after 
Kegoault. 

ti. An Interior. Line engraving, by Vischer, after Ostade. 

7. A Family Concert. Line engraving, by J. G. Wtlle, after G. 
Schalken. 

8. Holy Family. Line engraving. (Artist unknown.) 

9. Holy Family. Line engraving, by B. Desuoyers, after Eaphael. 

10. Aurora. Line engraving, by Baphact Morghen, after Guido. 

11. An Old Beggar. Mezzotint, by Townley, after Dance. 

12. Christ Healing the Sick. Etching. (Artist unknown.) 

13. Cows. Etching, by Eoos. 

14. Horses, (two.) Etching, by Paul Potter, 

15. Eleven etchings, by Eembrandt. 

16. Fireside. Etchings, by Boissien. 

17. Goats, (two.) Etchings, by Berghen. 

18. Eleven etchings, by Ostade and others. 

19. Twelve etchings, by Clodowiecki. 

20. The Nativity and Adoration of the Itings, by Henrich Goltzins. 

21. Braggemann Album of Photographs, illustrating tbe altar screen 
iu the cathedral at Schleswig. 

22. Photograpb of a Memorial Tablet, executed in wood, by P. Clanr- 
ren, of Satrap, a plain farmer. 
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INDIAN VOCABULAEIES— CHOHEA. 



LIST OP INDIAN VOCABULARIES RECEIVED PROM THE 
WHEELEU EXPEDITION. 



1. Appendix to vocabularies ■ 
seven Indian languages. 

2. Sboshoue. 

3. Pi-Ute. 

4. Pah-Ute. 

5. Pah-Ute. 

6. Ute and Pah-vauts. 

7. Mqjav^, 

8. Hnalapsis. 

9. Ute. 



10. Ar-i-vai-pa. 

11. Acoma Puoblo Indians. 

12. Gobun, (Ton to -Apaches.) 

13. Shoshone. 

14. Isletta, (Pueblo.) 

15. Tehua, (Pneblo.) 

16. Apache. 

17. Moquis. 

18. Navajo. 

19. Vallatoa, (Gome?;, Pueblo.) 



CIRCULAR IN REGARD TO THE DISEASE KNOWN AS 
'< CHOREA." 

Smithsonian Ihstitution, 
Washington, D. C, January 1, 1875. 
Dr. S. Weir Mitchell, an eminent physician and physiologist of Phil- 
adelphia, asks the assistance of the Smithsonian Institution in obtaia- 
ing any facts in regard to the disease known as chorea, or Saint Vitus'a 
(lance, and for this purpose has prepared the accompanying series of 
questions. 

The special object of the inquiry is to ascertain whether the aesertioa 
that black children are not affected with this disease is correct. 

Any data on this subject may be addressed to either the Smithsonian 
Institution, Washington, D. C, or Dr. S. Weir Mitchell, 1332 Walnut 
street, Philadelphia. 
As early information as possible is desired. 
Respectfully, 

JOSEPH HENRY, 
Director Smithsonian Institution. 



1. To what extent do you see chorea (of childhood) among whites! 

2. Is it found more in one locality than anotherf 

3. At what season do the attacks comet 

4 How often have you seen chorea in blacks of pure breed ? If pos- 
sible, give cases. 

5. How common is it in mulattoes? 

If you can getanswersfromotherphysicians, iu addition to your onu, 
it will be desirable. 

S. WEIR MITCHELL, M. D. 



EXCHANGES. 



LITERAET AND SCIENTIFIC EXCHANGES. 
Table showing the statistics of the excttanges in 1874. 



Agent and country. 




1 


1 

i 


Royol Swedish Academy of Sciences, Stockholm : 


5 
4 
3 

7 
5 

5 
40 
)1 

3 

3fr 

11 

2 
3 
1 

1 


35 
30 
20 
50 
35 

35 

eo 

20 

220 

eo 

14 

20 

r 

7 


1,050 


Boyal DaniBh Society of Copenhagenr 


Eoyal University of Norway, Christiania: 




L. Watkins & Co., St. Petersburg : 




Frederic Milller, Amsterdam : 




Prof Von Banmhaner, Bnrean Scientifiqne Central Nfierlandaie, 

Harlem : 




Dr. Felix Fliigel, Leipzic ; 


8,400 
2,400 


Gnatave Bossange, Paris : 


U.Hoepli, Realelstituto Lomliardi di Scienze e Lettere, Milan : 


William Wesley, London : 
Great Britain, British possessions in Asia, Africa, &o 

Other parts of the world : 


6,600 
























131 


933 









Besides tbe^e, smaller packages and live auimals were sent to Ger- 
maay, Englaod, &c. In all, over teu thousand parcels, addressed to 
iustitutions and individuals, were distributed. 

Government exchanges. 



To Chili 

Total.. 
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LITEEAET, AND SCIENTIFIC EXCHANGEa 



ALABAMA. 

MoHU: 
Barton Academy 

Taacalooea ; 
Hospital for the iDSane... 
University 



Sacramento : 
CalifOTDia State Agricultural Society 
Geological Survey of California 

SanFraneiwo! 

Agricultural Society 

Califoraia Academy of Natural Soi- 

Mayor of the city of San Francisco.. 

Mercantile Library Association 

Stodctoa : 
State Lunatic Afiylam 

COKNBCTICOT, 

Sarlford : 
ConnecticDt State Agricultural Society 

Eetreat for the Insane 

State Library 

Yonng Men's Institute 

'' lAlchfetd : 

Spring Hill InsIJtutiou 

Middlel<nEn : 
General Hospital for the Insane 

A'eio Haven : 
American Journal of Science and Arts 1 

American Oriental Society 

Connecticut Academy of Aria and Sci- 
ences I 

Museum of Yale College 

Sheffield Scientific School 

Yale College : 

Norwich : 
Otia Library 

Garrgtlovm : 
Georgetown University 

Washington : 

Agcicalture, Department of l; 

Board of Indian CommiSBioDers. 

Boreau of Navigation .,, . 

Bureau of Ordjiaooe 

Bureau of Statistics . 1 

Census Bureau 

Coast Survey .,. ( 

Columbia Hospital for Women 

Colnmhta Institution for the Deaf and 

Columhian Univeraity 

CommisBioner of Education 

Eagiueer Department 



Washinoton, D. C— Continued. N 
Goologioal Snrveyof theTerritoriee-- 
German Reading aud Cbesa Clnb---.- 

Hospital for the Insane 

Howard University 

Hydrographio Office 

Interior Department 

Land-Offloe 

Library of Congress 

Light- Honse Board 

Medical Society of the District of Co- 
lumbia . 

National Academy of Science 

National Deaf-Mute College ' 

Nautical Almanac Office 

Navy Department 

Ubserratory 

Patent-Office 1 

Public schools 

Signal-Office 

State Department 

Surgeon-General's Office 1 

SnediBh-Norwegian legation 

Territorial Legislature 

Treasury Department 

War Department 

Yonng Men's Christian ABsociation. .. 



Aihmi : 
Hospital for the Insane 1 

AOanta : 
Atlanta University 1 

MilUdger>ille : 
Hospital for the inaane I 

Oxford ! 
Emory College 1 

Savannah : 
Chatham Academy 1 



Bloondngton : 
Illinois Natural History Society 3 

CarbondaU : 
Soutbern Illiuoia Normal UulveTsity.- ti 

Chicago : 

Chicago Academy of Sciences Si 

Ohioago Board of Trade 1 

Chicngo Public Library G 



Yonng Men's Asaociation Library 

Elgin: 
Hospital for the Insane 

Eeanlton : 
Northwestern University 

Jackionville ; 
miuois Hospital for the Insane.. 



, Google 



LITERAHT AND SCIENTIFIC EXCHANGES. 6'9 

Packages received by the Smithsonian Institution, i&c. — CoDtinued. 



iLUSOia— Continued, No. 

Peoria; 
MeTcaatile Library 1 

Springfield : 

Academy of Soienc«8 1 

State Library 1 

INDIUIA. . 

Bloomittgion : 

Indiana Universitj 1 

Indianmolia : 

Geological SnTvoy of Indiana 4 

Hoapital for the InaoDS.. 1 

Indiana Horticultural Society 1 

Indiana Inatitntiou for Deaf-Matea... 1 
Indiaua Institution for Educating the 

Blind 3 

Indiana State Library 3 

New A Ibans ■■ 

Theological Seminary 1 

Burlingtott : 
Burlington University 1 

De» Moinet : 
State Library 5 

Duhuqac : 
Germau Tlieological SemlDory 1 

Jm dependence ; 
Hospital for thelasane 1 

I<ra>a City: 

Geological Survey of loirs 1 

IowftSt»te University,,.. 30 

Mount PteomnE ; 

Hospital for tlie Inaane 1 

Wesleyan University . 1 

. KANSAS, 

Lawreitee: 
University 1 

Oisatcatanie : 
Hospital for the Insane 1 

Toyeka: 

Kansas Academy of Science 1 

Kansas State Library 1 

Danville: 
Theological Seminary 1 

Frankfort : 

State geotogist of Euntncky 1 

State Library 1 

Third Kentucky Hospital for the In- 

HoWa Siaiian : 
Hospital for the Insane . 1 

Bopkiiamlle : 
Second Kentucky Hospital for the In- 

Lebanon : 
flalnt Mary's College 1 



Kkntucct— Con tinned. N 

LetingtoK : 
First Kentucky Hospital for Insane.. 
Kentncky University 

Rue»elviUe: 
Bethel College : 

Shelbymlle : 

Obserratcry of Shelby College 

LOUieUKA. 

Baton Boage : 
Academy . 

CEJnIon ; 
Louisiana Insane Asylum 

Nevi Orleans : 

Lyceum Library 

Mayor of the city of New Orleans 

New Orleans Academy of Natural 

Sciences 

State Library 

Jvgusta : 

Hospital for the Insane 

State Library 

Bangor : 
CommiaaionBr of Fisheries 

Brunewick .- 

Bowdoin College. 

Historical Society of Maine 

Portland : 

Commissioner of Fisbcriea. 

Portland Society of Natural History.. 

WaiertHUe : 
Waterville College 

MARYXA^'D.' 

Jnnajmlia : 
Maryland State Ubrary 

Baltimore : 

Loyola College... 

Maryland Historical Society 

Maryland Institute 

Mayor of the city of Baltimore 

Mei'oantile Library. ,, 

Newton University... 

Odd Feilowa' Library 

Peabody Institute 

Saint Mary's College 

Catongville : 
Maryland Hospital . 

Bockville: 
Bockvllle Academy 

M ASSACHI]8KT-r8 . 

Amherat .- 
Amherst College 

Jndovor: 

Theological Seminary 

SoaUm: 
American Academy of Arts and Sci- 
ences 1 

American Social Science Asaociatiou. 

American Statistical Association 

American Unitarian Association 

Board of State Charities 



70 LITEEAET' AND SCIENTIFIC KXCHANGE8. 

Packages received by the ^itksontan Institution, t&c. — CoDtiDned. 



Boston, Habs. — CoDtiuued. I 

BostuD AtheniEum 

Boston Hospital 

Boston Hospital for thelnsaDO 

Boston Society of Natural Histor; .. . : 

Bonditch Library 

Bureau of Statistics of Labor.... 

CliristLan Examiner 

Cliristian Register 

Gyuiecological Society 

House of Correction 

McCleau Hospital for tLe lusaoe 

Maa&acliusetta Historical Society 

Massachusetts State Library 

Mayor of the city of Boston 

Medical Society 

Mercantile Library 

New Eogluid Historic Genealogical 

Society 

Perkins Institution foi the Blind 

PublicLibrary 

Cambridge : 

Athenaeum . 

Harvard College 

Harvard College Herbarium 

Harvard College Observatory 

Law School Library 

Klnseum of Comparative Zoology..-. 
Theological School Library 

Jamoico Plain : 
Bussey Institntion 

^"eiPton Centre . 
Hewtou Theological Institute 

Xortkampton : 
Clarke Institution for Deaf-Mutes.... 

Salem : 
American Association for the Ad- 
vancement of Science 

American Naturalist 

Esses lustitute 

Peabody Academy of Science 

TaanUm : 
Hospital for tho Insane 

Wiltiantitoten : 
Williams College 

Worccater : 

American Antiquarian Society 

Free Institnte of Technology -. 

Hospital for the Insane . 

Worcester Academy 

Observatory . . 

University .... 

Detroit; 
Michigan State Agricultural Society. 

Public Library 

fieview of Medicine and Pharmacy .- 
Saint Philip's College 

Ealamazoo : 
Hospital for the Insane 

Lansing : 
Michigan State Library ...-, 



MINNESOTA. S 

Hfinneapolia : 
Minnesota Academy of Natural 
Sciences . . 

Saint Paul : 

Chamber of Commerce . 

Minnesota Historical Society 

Minnesota State Library . 

Saint Peters : 
Hospital for the Insane 

Clinton : 
Mississippi College ■-.-- 

JaclaoK : 
Hospital for the Insane 

Oi/ord : 
University 

Columbia : 
University of Missouri , 

FaUon : 
Hospital for the Insane 

*oini Louia : 

County Hospital for the Insane 

Hospital for the Insane, (St. Vincent's) 

Law Library ■ 

Mayor of the city of Saint Loais 

pQblic School Library 

Saint Louis Academy of Science 1 

State Board of Agriooltnre 

State Bureau of Geology and Mines.. 
University of Saint Lonia 

OiMxha : 
Hospital for the Insane 

Concord : 

Hospital for the Insane 

New Hampshire Historical Society . . . 
State Library ,., .- 

Phillips's Exeter Academy 

Hanover : 

Dartmouth College .... 

Dartmouth Observatory 

Manchester : 

City Library 

KEw jRRser. 

Burlington : 
Burlington College 

Soboken : 
Stevens Institute of Technology 

A'ew Brunswick : 
Geological Survey of Hew Jersey 

Princeton ; 
College of New Jersey 

Salem Academy 

Trenton: 
Stat« Insane Hospital. .._, 

;, Google 
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Packages received by ike Smiikamiian Institution, <&c. — Oontinaed. 



Albans ■ 

Albany lostitate 

Dudley Ol>aervatory ! 

Insurance Departmeal 

Saw York Statu A^ioaltaral ijociotj. I 

New York State Library 

New York State Medical Society 

New York State Musenm of Katnral 

HiBtcry 

New York Slate University 

State Board of Charities 

Aubam : 

Criminal Hospital for the Insane 

Theological Seminary 

BlackadFs Itland : 
City Hospital fur the lueane 

Brooklyn : 
Mercantile Library 

Buffalo : 
Buffalo Society of Natural Sciences.. 

Groavenor Library 

iDStitntion for the Deaf and Dumb 

Medical and Surgical Journal 

YoQng Men's Aasociation 

Canton : 
Smut Lawrence University 

CUntim : 
Litchfield Observatory of Hamilton 
College 

Flaibmh ; 
Kings Coonty Hospital for the Insane, 

Samillon : 
Madison University -- 

Itkaca ; 
Cornell College 

Jamestown : 
Jamestown Microscopical Society..-. 

Wesleyan Seminary 

2/eiBburgh : 
Theological Seminary of the Associate 

Reformed Church 

Nor York: 

Ainericai) Bible Society 

American Bureaa of Mines 

American Chemist 

American Ocographical and Statistical 

Society 

American Institute 

American Institute of Architects 

American Museum of Natural History 
American Society of CivU Engineers. 
Anthropological Institute of New York 

Apprentices' Library 

Astor Library 

Bavarian consulate 

Bloomingdals Hospital for the Insane 

City Hospital fur the Insane 

Columbia College 

Engineeiiog and Mining Journal 

Episcopal Theological Seminary 



New York, H. Y.— Continued. So. 

Institution for the Blind 2 

Journal of Mining and Ungineering.. ] 

Journal of Psychological Medicine 1 

Liberal Christian 2 

Lyceum of Natural History 1)7 

Manufacturer and Builder 7 

Mayor of New York 1 

Medical Journal i 1 

Medical Record 1 

Mercautite Library Association . 3 

Metropolitan Boanl of Health ,. 1 

New York Academy of Medicine 4 

N«w York Handel-Zeitung 1 

Now York Historical Society 2^ 

New York liibune 1 

Observatory 1 

Prison Association 1 

Royal Swedish- Norwegian consulate. 1 

Sanitarian 10 

School of Mines 9 

Union Theological Seminary 1 

United States Sanitary Commission.. 10 

University of the city of New York.. 4 

Hudson River Insane Hospital I 

Vassar College 3 

BandaU'e Island : 

House of Refuge 1 

Bocheater : 

Theological Seminary 1 

University 1 

Svbenectadg : 

Union College 3 

3Vi;iy.- 

Marshall Infirmary 1 

Uliea: 

State Lnnatic Asylam 1 

War^a laland : 
Ward's Island Emigrant Hospital for 

the Insane 1 

KORTH CASOUNA. 

Chapel Mm : 

University 1 

Daridsan College : 

College Library I 

Saleigh : 

Hospital for the Insane 1 

Triniis College: 

Theological School..,, 1 

Athene : 

Ohio University 1 

Carthage ! 

Longvieiv Ho^ital for the Insane..- 1 

Qincinimti : 

Astronomical Observatory 18 

Hamilton County Lunatic Asylum.- ^ 1 

Mayor of the city of Cincinnati 1 

Mercantile Library Association 2 

Ohio Mechanics' Institute 1 



72 LITEKAET AND SCIENTIFIC EXCHANGES. 

Packagea received by the Smithsonian Itutitutiottt &c. — Continned. 



Cincinnati, Ohio— Coaiioaed. 

Pablio Library . 

Sniut Xaviei College . 

Cleeel(aid: 
University 

CSaEumbu* ; 

Geological Survey of Ohio 

HorticnltnTal Society . i 

Hospital for the Insane 

Ohio State Board of Agriculture 

, Obio State Libiary 

Dayton: 
Hospital for the luBaoe 

Defawart : 
Ohio Wealeyan University 

Qamhier ; 
Kenyou College 

Granville : 
DennisoD University 

JVew Atheas : 
FTontilia College 

Ketuhargh : 
North Ohio Lunatic AsylDm 

Mrlh Bend : 
HorticnltDral Society of Ohio 

Oberlin : 
Oberlin College 

SpTtng/ield : 
Wittenberg College 

TIfn: 

Heidelberg College 

Tbeological Seminary of the Genuao 
fieformed Church 

OREGON. 

PorUaad : 
Hospital for thelueane 

Allegheny : 
Allegheny Observatory 

Western State Penitentiary of Penn- 

Westurn Theological Seminary 

Danmllt : 

State Hospital fQr the Insane 

Dixmont : 
Western Hospital for the Insane 

Boston : 
Lafayette College 

Oettyibnrgk : 
Theological Seminary 

Harrithurgh : 

AdjQtant General 

Harrisbnrgh Academy 

Medical Society of the State of Peun- 

sylvania. 

State Library 

KellytAlU : 
Woodbrook Retreat 

MercenbuTgk : 
Theological Seminary of the German 
Beformed Charcb 



PaNKSYLVAMiA — Continued. No. 
FhUadeMiia : 

Academy of Natural Sciences 197 

American Entomological Society 10 

American Joomal of Conchology 4 

American Philosophical Society 119 

Board of Pnblio Ed n cation 1 

Central High School 3 

Franklin Institute 42 

American Pharmaceutical Association 34 
Department for the Insane, Alma- 
house . 1 

Friends' Insane Hospital 1 

German Society Library 1 

Girard College 3 

Historical Society of Pennsylvania... 4 

House of Refuge 1 

Library Company 2 

Library of Pennsylvania Hospital 3 

Mayorof the city of Philadelphia 1 

Medical Times 10 

Pennsylvania Hospital for the Insane 1 

Peoneylvanialnstitution for the Blind 2 
Peunsylvania Institution for the Deaf 

and Dnmb 1 

Society for Alleviating the Miseries of 

Public Prisons 1 

University of Pennsylvania 2 ' 

Wagner Free Institute of Science 9 

PilUburglt : 

German Library. - 1 

Sharon : 

Observatory 1 

South Bethlehem: 

Lehigh University 1 

Wathingtott : 

Washington College 1 

RHODE I8LASO. 
Providenct .• 

Atbemeom 2 

Brown University S 

Butler Hospital for the Insane 1 

Kbode Island Historical Society 1 

CkarltiUm .* 

Charleston Library Society 2 

EUioU Society of Natnral History.... 18 

SoDth Carolina Historical Society---. 1 

Columbia : 

SoDth Carolina College 1 

Theological Seminary 1 

Columbia : 

Jackson College 1 

KnaaAlU : 

East Tennessee UuiTersity 1 

Lebanon: 

Cnmijerland Univeraity .-., 1 

Marytvilk ; 

SoutLivest Theological 6ei^BaiT...j.^ 1 
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Fadcagea received lyy the Smithsonian Institution, (£o. — Continaed. 



Tennesseb — Continaed. No. 

NathviUe : 

Hospital for the Insane 

InBtitation for tbe Blind 

Univereity 1 

Hospital ibr tbe iDsaoe 

Chappea Hill : 
SonH Uoiversity 

DTAB. 
Salt Lake aty ; 

University of Deaeret - 

VEEMONT. 
BritM: 
Orleans Connty Society of Natural 

Sdences 

Burlington : 

University of Vermont 

2fmttp«I>«r .■ 
State Libniry 

VIROINIA. 

ChiTlolienilU : 
University of Virginia 

Emory and Henry College 

Fair/ax : 
Theological Seminary 

Hantpdea-Sidnai : 
Union Tlieologicsl Seminary 

Sichmond: 

Medical Society of Virginia 

Klclimood College 

State Library , 

University 

Staunton : 
Western Insane Hospital 

Wegton : 
WestVirginia Hospital for the Insane. 

WilliamelmTgh : 
Eastern Insane Hospital 

WtSCONSUf. 
Beloit: 
Beloit College 

Janenille ; 
Wisconsin Institatlon for the Educa- 
tion of the Blind 

Hospital for tbe Insane 

Rtate Historical Society of Wisconsin - 

Dniversity of Wisconsin 

Wiscoasin Academy of Sciences, Arts, 

and Letters 

Wisconsio State Agricnltural Society. 
Miljciaikee : 

Catholic Seminary 

Natural History Society 



Wisconsin— Continued. No. 

Neenah: 
ScandinaTlan Lihrary Association... 4 

Oahkosh: 
Northern Hospital for the Insane 2 

Racine : 
College Library 1 

WASHINGTON 



BRrriSH AMERICA. 

GueMi, Ontario : 

Ontario School of Agriculture 3 

Eingtton, Ontario : 

Botanical Society of Canada 1 

Ottoma, Ontario! 

Academy of Natural Sciences 6 

Toronto, Ontario : 

Boardof Agricnltore . 1 

Board of Arts and Mannfaotnres 1 

Canadian Institnte. 15 

Commissioners of Agricnlture and Atts 1 

Congregational Theological Institute. 1 

House of Assembly 3 

Knox College 1 

Literary ana Historical Society I 

Observatory 5 

Toronto Globi S 

Trinity College 1 

University of Toronto 2 

HaMfax, Nova Scotia : 

Literatyand Scientific Society 1 

Nova Scotian Institute of Natural Sci- 
ences 11 

CkarlotteU/mi, Prinee Edward 

Hospital for the Insane .. 1 

Chamhly, Quebec : 

College Library I 

Lennoxtille, Qaebeo : 

Bishop's College 1 

Montreal, Qaeiee .• 

Boardof Agriculture and Aits 1 

Board of Agricultureof LowerCanada 1 

Canadian Entomologist 1 

College Library 1 

Entomological Society . 1 

GeoloKicaf Survey of Canada 14 

McGi 11 University 1 

Natural History Society 48 

Numismatic andAntiqnaiianSocLety. 1 

Saint Mary's College 1 

Queheo, Quebea ; 

Laval University 1 

Literary and Historical Society .. 9 

Seminary of Qneljeo 1 
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CLASSIFIED RECORD OF MISCELLANEOUS METEOROLOii- 
ICAL MATERIAL PRESERVED IN THE SMITHSONIAN 
INSTITUTION. 

[For list of regnlar monthly leports see report for 1873.] 

AURORAS. 

Auroral observatioDS made at Ogdensburgh, New York, lS52-'54. 

Aurora observed at Bangor, Me., December, 1851. 

Aurora observed at Boston August 20, 1851. 

Aurora observed at Camden, Me., September 10, 1854 

Auroras observed at Dartmouth College, N. H., July 12, 1853-March 
16, 1854. 

Auroras observed at sea 1848-'53. 

Auroral records, 1849-'53. 

Notices of auroras, 1847-'59. 

Sketch of aurora observed at Washington Jiily 22, 1868. 

Alexander, Prof. 8. — Sketch of aurora observed at Princeton, N. J. ' 

Andrews, Luman. — Account of aurora observed October 14, 1870, at 
Southington, Conn. 

Aehbn, M. F.— Notice of aurora observed August 8, 1872, at Alton, 
Iowa. 

Astrop, S. F. — Aurora observed in Brunswick County, April 7, 1847; 
auroral display September 29, 1851. 

Averbech, A. — Aurora observed July. 9, 1872, at Saint Louis, Mo. 

Bttbeock, E. — Account of aurora observed August 8, 1872, at Boons- 
borougb, Iowa. 

Bache, Prof. — Aurora observed at Bath, Me., September 29, 1852. 

Barnard, A, D, — Aurora observed at San Buenaventura, Cal., June 
17, 1870. 

Bassnet, Thomas. — Auroras seen at Ottawa May 24 and 25, 1853, May 
29, 1840. 

Bessey, Charles E. — Auroras observed at Ames, Iowa, in June, 1871, 

Bidwell, Br. E. C. — Auroras observed at Keene, Ohio, February 19, 
March 1, 1852. 

Birney, J. G. — Auroras observed at Lower Saginaw, Mich., in April, 
1849. 

BloSgett, Lorin. — Aurora observed at Sugar Grove, Pa., September 
29, 1851. 

Bowman, John. — Auroras observed at Baldwinsville October 4, 1855. ' 

Brewer, W. H. — Auroras observed at Ovid, N. T., from December, 
1852, to May, 1854. 

Brewster, Alfred. — Notice of aurora observed at Tamworfi, N. H., 
July 17, 1872. 

Brotcn, S. H. — Aurora observed at Dakota City, Nebr., July 10, 1868. 

Bucklandy D. — Aurora observed at Brandon, Yt, May 2, 1855. 



C.oot^lc 



78 MISCELLANEOUS METEOEOLOQICAL MATERIAL. 

Campbell, C. — Auroras observed at Moose Factory, June, 1850. 

Clarke, John. — Auroras observed at Bowling Green, Ohio, in 1872. 

CUft, Henry A. — Harbor Grace, N. F., account of February anrora; 
auroral notes for July, 1872 ; anrnra observed Angnst 25, 1872. 

Cobb, W. R. — Aurora observed at Wellsborough, Pa., April 15, 1869 ; 
display of auroras observed in Philadelphia August 3, 1872. 

Couch, E. D. — Auroras observed at Newfield, H". J., in 1840. 

Curtis, W. W. — Auroras observed at Kocky Run, Wis,, in 1872. 

Dayton, E. A. — Auroras observed at Madrid, 'S. Y., March, 1849. 

Ge Haven, LkuUnant. — Auroras observed during Arctic espedition 
1850-'51. 

Dewey, C. — Auroras observed at Bochester, N. Y., September, 1851, 
February, 1852. 

Dolan. — Account of aurora observed in New York April 15, 1869. 

Edwards, J. — Aurora observed at Lima, Pa, March, 1849, September, 
1851. 

Fairbanks, Q. W. — Auroras observed at Washington, D. C, Septem- 
ber 29, 1851. 

Fairchild, Jno, F. — Auroras observed at Seneca Falls, N. Y., Sep- 
tember, 1851, 

Favel, F. F. — Notes relative k la formation des aurore boreales. 

Foster, Wm., jr. — Aurora observed at Providence, E. I., April 15, 
1869, 

Garland, J. G. — Aurora observed at Biddeford, Me., February 19, 
1852. 

Gibbea, Lewis E. — Aurora observed at Charleston, 9. C, September 
29, 1851. 

Gibbon, Lardner. — Account of aurora of August 7, 1872. 

Grant, Benjamin. — Aurora observed at Frie, Fa., August 11, 1869. 

Groneibeg, L. — Auroras observed at Germantown, Ohio, April, 1852, 

Guest, W. E. — Auroras observed at Ogdensburgh, N. Y., February, 
1850-September, 1851. 

Haas, Henry. — Register of all the auroras observed at Depauville, N. 
Y,, from 186G to 1872. 

Hall, Joel S. — Auroras observed at Athens, El., September 29, 1851. 

Haywood, John. — Westerville, Ohio, auroras seen in August and Octo- 
ber, 1872. 

Herrick, E. C. — Aurora observed at New Haven, Conn., June 11, 1852. 

Herrick, J. — Auroras observed at Hampden, Me,, November 18, 1848. 

Hoadley, C. J. — Auroras observed at Hartford, Conn,, May 12, 1849. 

Hokomb, Amaaa. — Auroras observed at Sonthwick, Mass., 1837-1853; 
auroras observed at Sonthwick, Mass., March and April, 1850. 

Horr, Asa. — Auroras observed at Dubuque, Iowa, September 29, 
1851. 

Hotchkka, J. — ^Auroras observed at Mossy Creek, Va., February 19, 
1852. 
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Sough, Dr. F. B.— Auroras obaerved at Somerville, N, Y., 1837-1851. 

Syde, Thos. G. P. — Aurora observed at Blast Windsor Hill, (Jona., 
Junfe 11, 1852. 

Jennings, S. K. — Auroras observed at Erie, Ala., September 29, 1851. 

Johnsofi, E. W. — Aurora obaerved November 17, 1849, at Graod 
Bapids, Mich. 

Jones, G. P. — Auroras observed at Valley Forge, Pa., January 19, 
1852. 

Joslyn, H. — Auroras observed at Waukegan, 111., Apiil 13, 1849- 

Kidder, L. !>.— Aurora observed at Whitfield, N. H., October 13, 
1869. 

Lapkam, I. A. — Auroras observed at Milwaukee, Wis., February 15, 
1852. 

Lefferts, John. — Auroras obaerved at Lodi, N. T., February 19, 1852. 

Lefroy, J. H. — Abstracts of auroral observations ; auroral notes ; 
auroras observed at Toronto, August, 1849 ; general register of appear- 
ances of auroras borealia, &c., from January 1, 184S, to May 31, 1853, 
Second report of auroral observations, 1850-'5I. 

Lewis, B. B. — Theory of auroras. 

Loomia, Eliaa. — The aurora borealis, or polar light, its phenomena 
and laws. 

McGlintobk. — Auroras observed May 19, 1870. 

Major, J. — List of books and ships' loga examined for auroras. 

Marks, Gorrydon. — Auroras observed at Manchester, Pa., September 
1849-February, 1851. 

Marsh, G. G. — Auroras observed at Oawego, N. T., February 19, 1852, 

Mead, 8. B. — Auroras observed at Augusta, 111., February 18 and 
September, 1851 ; January 19, 1852 ; May 24, 1853. 

Mitchell, Hon. W. — Auroras observed at Nantucket, Mass., 1844^1853, 

Moss, G. 8. — Aurora observed at Amboy, 111., April 2, 1SG9. 

Mudge, B. F. — Aurora observed at Manhattan, Kans., August 8, 1872. 

Newkirk, B. M. — Auroras observed at Lai>orte, Ind. 

Osborne, Gapt. Sherard. — Bemarks on auroral light in Arctic Zone. 

Peelor, David. — Auroras observed at Johnstown, Pa., October 26, 
1870. 

Phelps, B. H. — Auroras observed at Windsor, Conn., February 19, 
1852. 

Pinkham, M. 8. — Aurora observed at Millbridge, Me., February 4, 
1872. 

Poole, Henry. — Auroras observed at Albion Mines, N. S., in 1850 ; re- 
semblance of reflected light t« aurora. 

Prescolt, W. — Auroras observed at Concord, JS. H. 

Prince, Geo. — Auroras obaerved at Thomaston, Me., March, April, 
1850. 

Bedding, Thos. £.— Auroral ilisplay at T^ewcastle, Ind., June 18, 1871. 

Bejusar, Thomas. — Aurora observed at Newton, N. J., April 15, 1809. 
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Rice, R. — AororaB observed at Attleborough, Mass., January, 185L 

Robertson, Tlios. — Auroras observed April, 1850. 

Boulston, Andrew. — Auroras observed at Freeport, Pa., in 1849, 1850. 

Salisbury, 0. E. — ^Auroras observed at Buffalo, N. Y., in 1853. 

Skieldi, Robert. — Auroras observed at Belle Centre, Ohio, September, 
1853. 

Simmons, 6. — Auroras observed at Lachine in September, 1850: 

Sixson, Rodman. — Aurora observed at Factoryville, Pa., March 19, 
1868 ; auroras observed at Scranton, Pa., October, 1871 ; show of auro- 
ras August 3, I8T2. 

Smallwood, Doctor. — Auroras observed at Saint Martin's, Febrnary 
19, 1852. 

Steele, 0. E. — Aurora observed at Homestead, Mich., August 4, 1865, 

Steiner, Dr. Zeuiis H. — Auroras observed at Frederick, Md., Septem- 
ber 29, 1851. 

Stevens, Dr. R. P. — Auroras observed at Ceres, Pa., April 6 and 8, 
1870. 

Stewart, A. P. — Aurora observed at Lebanon, Tenn., September 29, 
1851. 

Swift, Lewis. — Aurora observed at Marathon, N. Y., April 16, 1869. 

Warne, Geo. — Auroras observed at Independence, Iowa, August, 
1872; auroras observed .in 1872. ' 

Wkitcomb, Thomas 2f.— Auroral display of July 21, 1871, Union Eidge, 
W. T. 

Winchell, A. — Auroras observed in Eutaw, Ala., September 29, 1851. 

Wing, M, E. — Auroras observed January 31 and February 7, 1872. 

Witlirow, Thomas F. — Auroras observed at Station Horner, Ohio, 
February 17, 1852. 

Young, J. A. — Account of aurora observed September 29, 1857, at 
Camden, S. C. 

INSTRUMENTS. 

Apparatus for recording earthquakes. 

Comparative value of certain varieties of cloth for covering tbe wet 
bulb of the hygrometer. 

Diagram of rain-gauge used at Suowville, Ya. 

Lippineott's vapor index, a psychrometrical calculator. 

Remarks upon the barometer and rules for its observation. 

Rules to be observed iu management of typo-barograph. 

Woodruff's portable barometer. 

Storm rain-gauge designed by G. J. Symons for observing rate of fall. 

Beck. — Description of recording barographs, thermographs, and ane- 
mographs. 

Craig, B. F. — Comparison of ten of Green's barometers. 

Fenton, Elialia. — Description of hygrometer. 

Sough, G. W. — Description of automatio registry and printing ba- 
rometer. 
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RoeSel, W. D. — Sketch of self-registering thermometer. 
SUpliemon, W, J. — Account of electro-magoetic Jadicatdr. 
Stemb^g, George M. — Improved anemometer. 
Wait, 8. E. — Sketch of proposed snow gauge. 

Williams^ R. G. — GompariBon of Mason's hygrometer with Boehlen 
and Staehloa's. 

METEORS. 

Alaska. — Account of meteors at Sitka, 1868, Dwight Hurlbut, and J, 
J. Blakemore. 

Aviner, J. M. — Meteors observed from Saint Xavier'a College, New 
York, November 14, 1864. 

Barnard, A. D. — Meteor observed October 20, 1873, at Ventura, Cal. 

Beckwith, W. — Meteors observed at Olathe, Kans,, November, 1866. 

Betts, Henry. — Account of meteors observed at Weston, Conn., 1867. 

Boehmer, George H. — Angnst meteors observed in Colorado Springs, 
Colo., 1873. 

Boerner, Charles G. — Meteors observed at Vevay, Ind,, October 24, 
November 10, 12, 1870. 

Meteoric observations at Vevay, Ind., 1868. 

Observations of August shower of meteors, 1871. 

Brewer, F. F. — Meteors observed at Raleigh, N. C, November, 1866. 

Carleton, General J. E. — Account of meteorites in Mexico. 

Ckappelsmitii, John. — Meteors observed at New Harmony, Ind,, No- 
vember, 1866-'67. 

Chase, Milton. — Meteors observed at Kalamazoo, Mich,, November, 
1866. 

Clingman, T. L. — Account of meteor observed at Washington, August 
2, 1860. 

Coles, Isaac. — Meteors observed at Glen Cove, November, 1866. 

Dechner, Fred. — Meteors observed at Atlanta, Ga., November, 1866. 

Belaney, John, — Account of meteorite observed at Saint John's, N, P. 

Edi, James. — Meteors observed at Vienna, Wis., November, 1866. 

Fendler, A. — Meteors observed at Allenton, Mo., November, 1866. 

Fergus, Thomas H. — Meteors observed at West Chester, Pa., Novem- 
ber, 1866. 

Forsliey, C. G. — Meteors observed at Galveston, Tex., November, 1866. 

Gantt, Dr. W. ff.— Meteors observed at Chapel Hill, Tex., November, 
1866. 

Gardiner, J. S. — Meteors observed at Newburgh, N. Y., November, 
1866. 

Gihbs, Getrge. — Meteors observed at Richfield Springs, N. Y., August 
24, 1869. 

Qrinncfn, A. G. — Meteors observed at Orange, Va., November 10, 186C. 

Hance, E. — Meteors observed ta Faisiugton, Pa,, November, 1866. 

Solmes, E. J>. — Meteors observed at Grand Baipds, Mich., November 
13, 1866. 
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ffopkins, A. — Meteors observed at Williamstown, Mass., Hovember 12, 
13, 1806. 

Morr, Br. Asa. — Meteors at observed, Dubnqae, Iowa, November, 
186C. 

HudHon, A. T. — Meteors observed at Lyons, Iowa, November, 1866. 

Hyatt, A. — Meteors observed at Salem, Mass., iSeptember 29, 1868. 

Ingram, J. — Meteors observed at Viiioland, N. J,, August 24, 1869. 

Johnson, Professor J. — Meteors observed at Middletown, Oodd., No- 
vember, 1866. 

Keenan, T, J. R. — Account of meteors observed at Bahala, Miss. 

Knight, B. T. — Accoaut of meteors observed at Philadelphia, August 
24, 1S69. 

Lapfiam, LA. — Meteors observed at Milwaukee, Wis., November, 1866, 
1867. 

MeClune, James. — Meteoric shower at Philadelphia, November 14, 1867. 

Major, J. — List of books and ship's logs esamiued for meteors. . 

Martin, Samvcl D. — Meteors observed in Clarke County, Kentucky, 
November, 1866. 

Moore, Albert. — Meteors observed at Grenida, Miss., November, 1866. 

Morris, 0. W. — Meteors observed in New York, November 13, 1866. 

Mttdge, B. F, — Meteors observed at Manhattan, Kans., November, 1866. 

Nason, Elia^. — Meteors observed at North Bilierica, Mass., November, 
1860. 

Newton, Professor. — November meteors. 

Parker, J. J). — meteoric display at Steuben, Me., November, 1864, 
1860, 1807. 

Parkliurst, ff. M. — Meteors observed at Brooklyn, Mo., 1866. 

Pratt, W. E. — Meteors observed November 14, 1868, at Davenport, 
Iowa. 

Easer, John Set/l. — Meteors observed at Beading, Pa., November, 1866. 

Redding, Thomas B. — Meteors observed at Newcastle, lud., November, 
1804. 

Richards, W. M. — Meteors observed at Berlin, Wis., November, 1866, 

Robinson, A. — Meteors observed at Androscoggin, Me., November, 
1866. 

Rogers, F. M. — Meteors observed at Throg's Neck, N. T., November 
27, 1304. 

Smith, E. A. — Meteors observed at Moriches, N. T., November, 1866. 

Smith, Eli. — Meteors observed at Emmittsburg, Md., November, 1866. 

Snow, F. S. — Meteoric shower at Lawrence, .Eaos., November 14, 1867. 

Spaulding, A. — Meteors observed at Aurora, 111., November, 1866. 

Spencer, W. C. — Meteors observed at Dubois, HI., November, 1866. 

Spera, W. H. — Meteors observed at Ephrata, Pa., Novembw, 1367. 

Stephenson, Rev. James. — Meteors observed at Saint Inigoes, Md., No- 
vember, 1876. 

Trembly, J. B. — Meteors observed at Toledo, Ohio, November, 1866. 
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True, H. A. — Meteors observed at MarioD, Ohio, Novembftr, 16C6. 

Turner, Ernest. — Account of meteor observed at Point Pleauaot, La., 
Jnne 29, 1872. 

TutwUer, H. — Account of meteoric shower observed at Green Springs, 
Ala., Norvember 14, 1808. 

Washington, D. C. — Account of meteors observed at the United States 
Naval Observatory, 1S68. 

West, Silas. — Meteors observed at Cornish, Me., November, 1866. 

Wheeler, John T. — Meteors observed at Concord, N. H., Novemlwp, 
1866. 

Wilbur, B. F. — Meteors observed at West Waterville, November, 1866. 

Williams, M. 6.-~Meteors observed at Url>ana, Ohio, Novemlier, 
1866. 

Winger, Martin. — Meteors observed at Wooster, Ohio, November, 
1866. 

EAIN. 

Depth of rain collected in several rain-gauges during the storm of 
October, 1869. 

Extract from the meteorological registers of the Snrgeoa-General's 
Office from Jannary, 1860, to January, 1867, giving summaries of 
amount of rain and melted snow at meteorological stations in the west- 
ern part of the United States. 

Influence of the weather in the production of rain, 

Adams, J. F. — Account of extraordinary rain-storm at Macon, Ga., 
October 2, 1868. 

Bache, D. — Account of bail -storm at San Antonio, Tex., May, 1868. 

Bartlett, Jefferson. — Snowfall in West Lebanon, Ind., winter of 1869. 

Berlandier, J. Louis. — Bain-fall at Matamoras, Mex., 1843-'51. 

Bermuda. — Quantity of rainfall at Ireland Island 1860-'63. 

Btackicell, Tlios. — Beturn showing percentage of rain due to winds 
bearing rain from sarrounding regions. Observations made at Mont- 
real 1859-'60. 

Branley, E. R. — Eain-fall at Atnesville, Ohio, January, 1869, 

Cambridge, Mass. — Bain-fall 1855-67. 

Canton, ilfo.— Rainfall in 1870. 

Chase, Pliny E. — Cyclical rain-fall at San Francisco. Eain-curves, 
Recent monthly rain-fall in the United States. Remarks on the fall of 
rain as affected by the moon, 

Clark, Dr. Jas. F, — Effect of battles on rain, observed during the war. 

Cockburn, «.— Rainfall in Balize, Honduras, 1802-^68. 

Cocke, T. ii.— Amount of rainfall October, 1871, in Victoria County, 
Texas. 

Crosier, A^am.— Mean monthly rain-fall at Lacouia, Ind., 1866-69. ■ 

Cunningham, Geo. A.— Rain-table 1841-'68, at Lunenburgh, Miws, 

Curie, T. J. — Observations showing that anvil-shaped clouds indicate 
rain. 
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Davidson, S.— Eaia-fall at Sitka, Alaska, May, 1866, April, 1867. 

Draper Jos. — BaiD-fall at Worcester, 1860. 

Swing, Gkas. 6. — Qaaotitiea of rain that fell in eacU tnoutb, 1853-'70. 

Foots, H. 8. — Eeport of raiD-ful), January-June, 1869. 

Oibbs, Geo. — Account of deluge in Fatapsco and Monocacy. 

Gilmanton, N. fl".— Record of snow, rain, &c., 1838-'64. 

Grant, W. T. — Report of rain-fall at Athens, Ga., September and Octo- 
ber, 1872. 

Gregory, J. M. — Heavy rain in Champaign, LI. 

Huntington, T. C. T. — Record of fall of rain in Phillipsburgh, SaJut 
Martin's, July-Deeemher, 1869. 

Eurlin, W. .—Rainfall at Antrim, 'S. H., November, 1866. 

Jackson, Geo. L. — Account of iieavy fall of snow at Vandalia, III., 
February, 1872. 

Lake Village, N. E. — Depth of rain and melted snow collected in rain- 
gauges at Laconta and Lake Village, 18()5-~'60. 

Langguth, J, G. — Account of hail-storm at Chicago, July, 1871. 

Lewisburgh, Va. — Bain-fall in 1859. 

Logan, T. Jlf.— Rain- table for Stockton, Cal., 1849-'70. 

Loomis, j;.— Fall of rain at New Haven, Conn., 180i-'29, '64-'68. 

Lupton, If. T. — Rain-fall at Greenaborough, 185I>-'68. 

McKinny, John C. — Account of snow-storm at Vincenues, Ind. 

Milwaukee. — Table showing amount of rain and melted snow 1841 -'59, 
measured by Dr. E. S. Marsh, I. A. Lapham, and Dr. Charles Winkler. 

2!eiU, T/ws.— Raiu in Sandusky, Ohio, 1859-'G7. 

Newark, N. J. — Great rains. 

New York. — Eiain-fall in North Hammond, Gouverneur, and Honae- 
ville, Jaly, 1866-June, 1867. 

PemnsjiixiMia.— Bain, 1839-'41. 

Pitma'n, Gkas. H. — Amount of rain-fall at West Barnstead, N. H., Au- 
gust and September, 1869. 

Eogcrs, 0. P.— Rain-fall at Marengo, 111., 1850-71. 

Saint Louis. — Monthly amounts of rain at Saint Louis, 1853-'57, '60-'67. 

Schott, Chas. A. — Account of proposed rain-gauges. 

Seltz, Charles. — Account of heavy rain-storm at De Soto, Angnst, 1871. 

5j(jta.— Rainfall, 1857- '64.' 

Smith, Edward A. — Acconnt of rain and snow registered at the State 
lunatic hospital, Worcester, Mass., for fourteen years. 

Smith, Patrick E. — Method of determining rainfall by weight. 

Spera, N. E. — Rain-fall at Ephrata, Pa. 

Steineman, M. — Rain-gauge observations at Eckhart Mine, Md., 1864 
-'68. 

Talbot, B, B. — Acconnt of snow-storm, February 3, 1868, at George- 
town, Texas, 

Tayloc, E. T.— Rain-fall observed at Powhatan Hill, 1850-'66. 

Tennent, Thomas. — Bain-falt in San Francisco, Cal., 1840-^70, 
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Valentine, John. — Table showing deptb of water which fell at Eich- 
mODd in each month and year fmm 1852 to 1865. 

Wa«AtM(ir(on,-Z>.t?.—fiain measured at the Smithsonian Institution, 1862 
-'C6. Rain.fail at the United States Naval Observatory, 1852-1867. 

Whitefield. — Curious snow-storm observed at Whitefield, March 10, 
1869. 

Wilbur, Benjamin J".— Account of heavy rain at Waterville, Maine, 
Angust 18, 1871. 

WIND. 

Acconnt of tornado from New York to Maine, October 8, 1797. Dia- 
gram of veering March and April, 1863. 

Babeock, A. J. — Charts comprising direction of wind at Aurora, III., 
with course of clouds September, 1857-Jauuary, 1858. 

Baddeley, P. F. M. — Dust wbirlwiuds aad cyclones. 

Barringer, W. — Account of tornado in Logan county, Ohio, June 7, 
1872. 

Bierce, B. V. — Account of tornado at Veroqaas, Wis., June 25, 1865. 

Boehmer, 6. H. — Atmospheric currents and their effects upon pres- 
sure, temperature and moisture, from observations made in 187I-'72. 

Brooks, Chas. — Tornado of 1851 in Middlesex county, Mass. 

CluippelUmith, John. — Account of tornado, April, 1862. 

Chase, Pliny JG,— Tidal wave curves. 

Connelly 77. — Acconnt of tornado at Buckingham, Iowa, September 
12, 1805. 

Benson, Stephen. — Account of tornado at Oxford, Minn., September 
12,.18C5. 

Bill, Thomas. — List of books on tornados in Harvard college library. 

Mudson, A. &— Effects of tornado of 1860, at Sterling, III. 

Keenan, T. J. R. — Account of storm in Mississippi, with photograph 
of effect of same. 

McLeran, A. — Account of tornado in 111., June 3, ISCO. 

Mulford, Anson M. — Account of tornado at New Providence, June 3, 
1860. 

Nicholson, W. Z.— The great tornado of 18G0. 

Simmons, A. H. — Pliotograph of efiects of Chinooh wind. 

Taylor, M. K. — Observations on the Oamanche tornado. 

Webb, John O. — Notes on two cyclones at Little Oarasta, Fla,, Angust, 
1871. 

Young, Qeo. D. — Account of tornado of June 3, 1860, at Camanche, 
Iowa. 

GEKEKAL METEOKOLOGY. 

Account of halo observed in 1630. 

Circulars relative to earthquakes by the earthquake commiUiee, San 
Francisco, Cal. 
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Carves of equal auDual change of magnetic declinatioD, Uuit«d States 
Coast Survey. 

Extracts from the regalations io regard to entries to be made and 
metUod of keeping tbe log-book. 

Invitation & Passembi^e des meteorologists k Leipzig ponr le 14 
A6ut 1872. 

Lists of elevations and distances in tbat portion of the United States 
vest of the Mississippi Biver. 

Maritime meteorology. 

Meteorological observatioas in balloon aaceots, 1852. . 

Open polar sea and glacial formations. 

Peraine's system of meteorology. 

Speculations on cause of cold winters, A. H. Bnnlevy. 

Statistical nomenclature of causes of death. 

Table of magnetic determinations observed in connection with sorvey 
of northwestern lakes. 

Telegraphic meteorology. 

Avies, Mrs. M. E. P. — Parhelia observed at Big Meadow, California, 
April 12, 1872. 

Astrop, B. J".— War comet observed at Crichton's store, Virginia, July, 
1861. 

Boekmer, George B. — Distribution of heat over the United States, froui 
ofiicial sources, 1823-1872. 

Campbell, John L. — Account of halo observed from Wabash College, 
Crawfordsville, Indiana, May 20, 1865. 

Capen, F. L. — Circular of American Meteorological Society. 

Cobb, B'. S. — Account of parhelia observed February 4, 1867. 

Doran, O. C. — Profile of route of Yellowstone ex|)edition. 

Dunbury, A. K. — Effect of tbe moon on the weather. 

Mann, T. — Storms and predictions, translated by Dr. Eudlich. 

Hvhana, J. — Map of Mesico and Califoruia. 

King, Tlwmas JD. — Meteorology and its professors. 

Le Verrier. — Memorandum in regard to general meteorological obser- 
vations. 

Lincoln, T. — Account of severe storm in Maine. 

Logan, Dr. Thomas M. — Circular relative to meteorological observa- 
tions. 

McAllister, S. Jr. — Sketch of parhelia observed at Colorado Springs, 
Colorado. 

Marcy, Copt. R. B. — Map of cooutry upon Upper Red River. 

]iIo8s, 6. B. — Parhelion observed February 16, 1872, at Belvidere, III. 

Phillips, W. H. — Solar phenomena observed at Eimira, S. Y., Febru- 
ary 2, 1867. 

Poey, A. — Law of the similar evolution of meteorological phenomena. 

Umith, J, 5.— Table of rise and fall of Lake Erie, 183a-1849. 
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Stearns, R, E. C. — Economic value of certain Australian forcBt-trees 
and their cultivation in California. 

Steele, Augustus. — Bainbow observed at nigUt at Cedar Keys, Fla. 

Turner, Prof. J. B. — Education of Americau farmers. 

White, W. F., Tampa, Fla.— Fogs in Florida. 

Whitney, H. M. — Eruption of the great summit volcano of Mauna 
hoa. 

Wilbur, B. F. — Lightning observed during snow-storm. 

Wing, M. E. — Effect of lightning on telegraph wires. 

LOCAL METEOROLOGY. 

AFfilCA. 

Meteorological notes of a journey to Musardu, B. Anderson. 

ASIA. 

OHIMA. 

Memorandum explanatory of a plan for the eastern seas for recording 
meteorological observations and transmitting weather news, Bobert 
Hart. 

INDIA. 

Madras. — Mean beigbt of barometer and thermometer for each mouth 
of the years 1843-'4i-'45. 

SIBEBIA. 

Table of thermometric observations during the exploration of the 
country between Stikolajefsk and Okhotsk, 1805. 

Olihotsk. — Report of thermometric observations in 1800, Bicbard J. 
Bush. 

Yahtmtsk. — Temperature curves from fifteen years' observatious, 1829 
-'41. 

' SINGAPORE. 

Annual abstract of meteorological observatious for 1S70, H. L. Ban- 
dell. 

Meteorological observations, May-December, 1809, H. L. Randell. 

Meteorological observations for April, 1872, (Straits Settlement Gov- 
ernment Gazette.) 

Meteorological observations, September, 1872. 

Temperature and rain-fall on Quop estate, 18G6-'70. 



Jerusalem. — Thermometric observations, 1851-1854. 
Mosul. — Temperature and rain-fall, January, 1852- February, 1856j 
Bev. W. F. Williams. 
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AUSTRALIA. 

New South WaJes. — Summary of meteorological observations at Mor- 
peth, 1865, Dr. Thoroton. 

Queensland, Brisbane. — Summary of meteorological observations, April, 
1869, J. MacDonnell. 

Meteorological observations and summaries of raia-fall, 1872. 

CENTRAL AMERICA. 
COSTA EICA. 

Heredia. — Observacionea meteorologicas beclias en la eiudad de 
Ueredia durante el alio 1865 ; do. 1868, 

Limon. — Register of meteorological observations, port of Limon, Octo- 
ber, 1865- August, 1866, Feliiie Valentin. 

San Jos^. — Ubservaciones meteorologicas hecbas en la eiudad de San 
Jos6 durante el primer semestre de 1868. 

Observaciones meteorologicas bechasen la cindad de San Jos6 durante 
el auo de 1868 ; do. 1869, 1870, 1871, 1872, 1873, 1874. 

GUATEMALA. 

Meteorological diary for tbe quarter ending June and December, 
1859. 

Observaciones meteorologicas, 1857. 

Observaeioues meteorologicas heehaa en el colegio seminario de 
Guatemala, 1859. 

Observaciones meteorologicas en la mina de las Ctrueltas, 1750, de 
Paris sobre el mare, durante el primer semestre del aiio' 1868, H. Reck. 

Resumen de las observaciones hecbas en el colegio seminario A cargo 
de loa PF..de la Compania de Jesus de Guatemala el aiio 1857 j do. 
1858, 1859. 

HONDURAS. 

Meteorological notes taken on a flying visit to the nortnem district of 
British Honduras, S. Cockburn. 
Meteorological phenomena in 1863, 8. Cockburn. 
Meteorological scraps, Dr. Berendt. 
Report on the river Belize. 



Temperature observations, March-May, 1849. 

Aspimeall, — Meteorological report for 1868-'69, J. P. Eluge. 

SAN JUAM. 

Observaciones meteorologicas di Ottabre, 1871, M. M. Cfaazaro. 
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SAN SAL VA DOE. 

ObserracioQes meteorologicas hecbas en el laboratorio de la facoldad 
de medecina de Saa Salvador, 1871, 



Oreenwiek. — Bain-fall observatiotia, 1849-1853. 

ikfntfon. — Anemograpbic, barograpbic, and thermograpbic curves, 
April 27, 1868. 

Kain-fall ubservatioas, 1841-1853, J. Higgiubottom. 

Macclesfield. — Meteorological observationB takeu at the Useful Knowl- 
edge Society's rooms, 186y-'69. 

Newcastle. — Newcastle Chronicle, September, 1863. 

Tickhill, — Meteorological observatioas in 1863-'64. 

FRANCE. 

M^t6orologie, (Le Monitenr de la Flotte, F^vrier, 1867.) 
Paris. — Carte repr6sentaut la mortality et l'6tat m^t^orologiqne de 
Paris eu 1865. 

GEEMANY. 

Frankfort. — Account of earthquakes in the viciuity of Frankfort, 
"W. Prentiss Webster. 

Meissen. — Zusanrmenstellung der Mosats- and Jahreemitt«l aus den 
zu Meissen im Jabre 1871 angestellten dreimaligen meteorologischeu 
Beobachtungen. 

IRELAND. 

Comparative view of meteorological observations made in Ireland 
since 1788, with bints toward loruiing prognostics of the weather. 
Hichard Kirwan, Dublin, 1794. 

ITALY. 

Xaples.—" II Salvatore," Anno 1, No. 3, 1868. 

Palermo. — Meteorological bulletin of the Royal Observatory of Paler- 
mo, January, 1865. 

NORWAY. 

"£erjf«i.— Meteorological Review for 1864, O. J. Dreutzer. 

PORTUGAL. 

Lisbon. — Diagrams of rain, 1855-1870. 



Cordoba. — Observaciones meteorologicas de Cordoba, tifio de 1859. 
Valencia. — Estacion meteorologica de la Universidad de Valencia. 
Besumen de las observaciones heebas en el mcs de Abril de 1872. 
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Comtantinople. — Observations m^t^orologiques, A. Coumbary, 1868, 
Observations m6t^orologiqae.s repr^setit^s par des courbes, 1867-'(J8. 

A. Coumbary. 
Meteorological items, (Journal de Coiistautinoplo, UEtoilc d'Orieut 

Levant Herald, 1865-'66-'67.) * 

NORTH AMERICA. 
BRITISH AMERICA. 

Magnetical and meteorological observations at Lake Athabasca find 
Fort Simpson, by Capt. J. H. Let'roy, and at Fort Confidence, on Great 
Bear Lake, by Sir John Ricbardson, Loudon, 1855. 

Fort Nascopee. — Meteorological observations, October, 1864- Jnse, 
1865, H. Connolly. 

Fori. Simpson, — Meteorological Journal, October, 1849- January, 1850. 

Observations at Fort Simpson, Mackenzie River, November 1, 1837- 
May 24, 1839; and April, 1848- August, 1859. 

Fort Youuon. — Meteorological observations January-July, 1861, R. 
Keontcott. 

Moose Factory. — Weather notes, September, 1858-Septcmber, 1859. 

Bruise Bay. — Meteorological obsecvatlons by Dr. John Rae, from 
September, 1853, to July, 1854. 

Rigolet. — Meteorological observations, 1857-'59, H. CJonnolly. 

Yancouver^a Island. — Meteorological observationa, December, 1863- 
June, 1864. 

CANADA. 

Comparison of meteorological observations made at Cape Diamond, 
Montreal, and during an expedition for exploring Canada East, between 
livers Saint Manrice and Ottawa : 

MEWFOUNDLAND. 

Sarbor Grace. — Abstract of meteorological notes, February, 1863, H. 
A. Clift. Anomalous gale and rain, H. A. Clift. Atmosphere and leaves, 
H. A. Clift. Diagram of the directions of the wind, H. A. Clift. Meteoro- 
logical notes, Harbor Grace Standard, December 4, 1872. 

Saint Jokn^s. — General meteorological register for 1872, J. Delaney. 
General meteorological register, December, 1873, J, Delaney. Meteoro- 
logical observations, 1859-'60, John Delaney. Meteorological register, 
January, February, 1857, B. M. Delaney. Meteorological registers, 1848- 
'50, Royal Artillery. Table showing mean temperature and height of 
barometer in each month from 1834 to 1838, Joseph Templeman. Ve- 
locity of the winS by anemometer, J. Delaney. 
NOVA SCOTIA. 

Albion Mines. — Meteorological observations, 1844; meteorological ob- 
servations for 1850 and comparison with 1849. 
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Caledonia Mine. — Meteoi'ological registers at the Onledonia Mine, 1867- 
1871. Henry Poole. 

Halifax. — Account of storm, September 18-19, 1870, Frederick Al- 
lison. 

Morton. — Tberraometric record, 1856, A. P. S. Stuart. 

IFiH(kor.— Mean temperatures, 1794-1811. 



Amh&-stburgh. — Meteorological observations from January, 1840, to 
March, 1S52, with continuation b; Peter Munzies, from September, 
1853, to May, 1856. 

Brttce Mines. — Meteorological observations, September, 1850. 

ffamillon. — Mean results of meteorological observations for 1854 ; do. 
1855-'56, '50. Results of meteorological observations, 1846-1853, W. 
Craigie. 

Kingston. — Abstract of meteorological register kept at Qneen's Col- 
ege Univeraity, lS58-'60. 

Thousand Isles. — Barometrical readings, 1858, J. P. Mayer. 

Toronto. — Abstracts of meteorological observations at the magnetieal 
observatory, 1854^'64. Daily curves of temperature at Toronto. General 
meteorological registers, 1856-'57, Professor Kingston. Gleneral meteoro- 
logical registers, 1864-'69. Provincial Magnetieal Observatory. Mean 
meteorological results, 1854, J. B. Cherriman. Mean meteorological re- 
sults, 1859-'64, '70, Professor Kingston. Meteorological observations, 
October, 1847-Jauuary, 1848. Meteorological summary for November, 
1869, derived from the records of the Magnetieal Observatory, Toronto. 
Monthly meteorological register at the Provincial Magnetieal Observa- 
tory, 1859-1872. Results of meteorological observations made at the 
Magnetieal Observatory, Toronto, during the years 1860-'61-'02 ; To- 
ronto, 18C4. Summary of rain and melted snow for the winter quarter 
1870-'71, from observations at forty-one stations ; compiled at the Mag- 
netic Observatory, Toronto. 

QUEBEC. 

Daily means of observed temperatarea at two adjacent stations, Vic- 
toria Bridge and Point Saint Charles, February, 1861. 

Montreal. — Meteorological observations at Montreal, September-No- 
vember, 1855, Dr. A. Hall. Observations relative to tables prepared 
and compile by 8. A. Huguet. Register of thermometer and barom- 
eter kept by T. D. King, February-July, 1872. 

Saint Martin's. — Charts of barometric pressure, humidity, temperature, 
and rain-fall, 1856, C. Sraallwood. Contributions to meteorology, from 
observations at St. Martin's, 1857, C. Smallwond. Monthly meteorolog- 
ical register, October-November, 1858, 0. Smallwood. 
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MEXICO. 

Kotes of a voyage to Vera Oraz, MinititlaD, &c., E.W. Foster. 

Observacioiies meteorologicas hechas eo la escuela nacioDul prepara- 
toria de Mexico en el nies de Noviembre, 1868, (Diario Oflcial.) 

ObscrvatioDS at Saata F^ aod Nueva Gerona, 1864. 

ObservatioDS m^ttorotogiques, 1840-'42, T. Louis Berlasdier. 

Limonar. — Qaaatity of rain-fall Id 1842. 

Matamoras. — Notices of raio, lS40-'47, Berlandier. 

MaeatlatL — Account of weather in 1868, Grayson. 

Minititlan. — Meteorological obaervatloDS, April,1858, to January, 1859, 
Charles Laszlo. 

Mirador. — Meteorological observations, 1854-'57, January, 1858. Sur- 
vey of the meteorological materials made in 1858 and 1868, by C. Sarto- 
lius. 

Trojes. — Meteorological observations, 1869-'70, T. Graef. 

Vera Gruz. — Barometrical observations, August, 1856, to September, 
1859, Dr. Berendt. 

UNITED STATES. 

Cbart of comparative ductuations of barometer, February and March, 
1843. 

Daily charts illustratiug weather, 1843. 

Diagram showing extraordinary barometrical movements, January 
21-28, 1853. 

Espj's weather charts, 1843. 

Meteorological correspondence of the Smithsonian lustitution, thirty- 
five bound volumes of letters from observers, &c. 

Meteorological notes during march of Colonel Morrison's command 
from Fort Gibson, Creek Nation, to BigTimber, Upper Arliansas, Jnue 
22 to October 25, Capt. Henry Little. 

Meteorological observations, northwestern boaudary survey. 

Meteorology on Central Pacific Railroad, 1867, J. K. Gilliss. 

Bobertsou's diaries, Mississippi, Virginia, &c 

Scrap-books containing newspaper items on weatber, &c., prepared at 
the Smithsonian Institution. 

Telegraphic reports of weather at various points in the United States, 
September and October, 1858, 

Weather bulletins and maps from the chief signal officer, 1871-73. 

ALABAMA. 

Urie. — Meteorological observations in 1824, Dr. S. K. Jennings. 
Qreensborough. — Abstract from meteorological register for 18C3, N. T. 
Luptou. Account of hail-storra, May, 1857, Tbomiis M. Fitz. 
Orem Springs. — Meteorological tables, 1867, J. W. A. Wright. 
Mobile. — Barometrical and thermometrical curves at Fort Morgan, 
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Mobile Point, July-December, 1850. Meteorological curves, June, 1848. 
Meteorological observations at Fort Morgan, 1848-1850. 

Selma. — Account of rain, March IT, 1872, G. H. Lenoir. 

Union Springs.— BMafall, 1868-'74, J. S. Moultrie. 



Observations at Fort Saint Michael, 1842 ; Ihogmint Depot, Kniato, 
and Fort Eolmakon, 1843, W. H. Dall. Fort Saint Michael meteor- 
ological observations, 1865-'6(i, H. M, Bannister. 

Nulato, — Meteorological observations, 1860-'67, F. Weatdahl. 

Siika. — Meteorological statement for 18G8, Kocurd of temperature 
observations, (Reaumur,) 1347-18G4. Extracted from the Annales de 
I'observatoire physique central de Bussie. 

Unalakleet. — ^Meteorological observations, 1866-'67, F. Westdahl. 
Unalaska Island. — Mean montbly temperature observed at Hlolook, 
1867-'68. 

ABIZONA. 

Saint Thomas. — Tbermometric record, 1865. 



Meteorological observations for February and March, 1861, and Feb- 
ruary, 1871, at Micco Creek Nation, H. F. Budtner. 

Little Bock. — Meteorological observations, 1851-'56, 1864^*70. 

Mount Ida. — Abstract of meteorelogical observations. May, Novem- 
ber, 1874, G. Whittington. 

Washington. — Meteorological observations, 184fl-'59, N. D. Smith. 
Meteorological returns, January. February, lSu6 

CALIFOENrA. 

Curves of horary variations of atmospheric pressure. 

Benieia Barracks. — Ozone observation.*!, W. W. Hays. 

El jtfonfe.— Rain-fall in December, 1873, George H. Peck. 

Fort Yuma. — Meteorological observations, 1866-'67. 

Loa Angeles. — Meteorological notes, April, 1851, and May, 1854, Sher- 
burne. 

SevadaCity. — ^Tbermometric observations, July, August, 1865, Charles 
F. Dunz. 

Sacramento. — Hourly observations, June 21, 1856, T. M, Logan. 
Monthly means barometer and thermometer, 1854, Doctor Hatch. 
Bain-fall, 1850-'73. Report of the curator of the Agassiz Institute on 
Meteorology. 

San Diego. — Observations made on a trip to the mountains, G. W. 



San Francisco. — Blank forms for meteorological observations, Colonel 
Williamson. Monthly meteorological observations, 1870-'73, C. G. 
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Ewing. Rain-fall table, October, 1849-April, 1850, 1861 -'68, Thomas 
Tennent. The climate of San FraDciseo, B. M. Bache. 

San Joaquin Vall^. — Kaio-table and remarks on climate, J. W. A. 
Wright 

Santa Barbara. — Range of the thermometer from July 1, 1872, to June 
30, 1873. Santa Barbara as a: sanitarium, Santa Barbara Press. 

Santa Crue. — Meteorological observations for 1873, J, H. Hoadley. 

Santa Yues Valtey. — Meteorological observatious, 1872. 

Vacatille. — Meteorological report, February-April, 1869, J. C. Sim- 
mons. Observations, January 22-Febrnary 1, 1860, J. C. Emmons. 

COLOEADO. 

A Tear's Progress; Colorado in 1872, W. N. Byera. Climate of 
Colorado, (circular by W. N. Byers.) Colorado; published by the 
Denver Board of Trade, 1868, Geology, description, and resources of 
Central and Southern Colorado, Pueblo, 1860. 

Fort CoUim. — Meteorological reports, March-September, 1872, R. Q. 
Tenney.. 

Fort Garland. — Temperature- table, 1855-'69, C. Thomas. 

Golden City. — Regiaterof periodical phenomena, 1867, E. L. Berthond. 

CONMECT]CUT. 

Columbia. — Account of storm July, 1857, W, H. Teomans. Weather 
reports January, December, 1857, June, 1859, W. H. Yeomans. 

Hartford. — Meteorological observations 1816-1852. 

Sew Haven. — Meteorological observations, E. Loomis. 

iTorwdift:.— ^Account of Storm January, 185G, M. Scholfield. 

Fomfret. — Account of storm October 24, 1853, D. HuuC. 

Salisbury. — Meteorological Journal, 1844-'4G, Dr. Ovid Plumb. 

jStom/ord.— Fall of water at the Stillwater Eolling-raill January 1, 
1869, to January 1, 1874, J. S. Ayers. 



Meteorological table 1869-'70, A. Baruand. 
Fonka Agency. — Atmospherical phenomena November 22, 1871. 
Yankton. — ^Meteorological record for the summer quarter of 1865, M. 
K. Armstrong. 

DELAWAEB. 

Georgetown. — Meteorological observations during part of 1852. Bain- 
fall, July, 1857-December, 1859. D. W. Maull. 

Milford. — Sums and means for 1873 ; R. H. Giluian. 

DISTEICT OF COLUMBIA. 

Washington.— Afxawwt of thunder-storm June 27, 1869, W. Q. Force. 
Memorandum of storm of November 4, 1856. Meteorological observa- 
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tioua lS2S-'29, Jonatbun Elliott. Meteorological observations at the 
observatorj', Capitol Hill, April-June, 1872. Meteorological observa: 
tioQS at the Patent-Office 1846-'57, Meteorological observatioQS April- 
Juue, 1855, W. J. Bhees. Meteorological observations September- 
December, 1854. Meteorological register, 1821, Jonathan Meigs. 
Monthly means of dry thermometer ; monthly mean of maximum and 
minimum thermometer; masimum and minimum temperature for 1870, 
at the Naval Observatory. Monthly means of the bihourly observations 
of the barometer and thermometer made at the Naval Observatory dur- 
ing 1841. Notes on vegetation, ls62-'64, James Watts. Observations 
in the observatory of the Smithsonian Institution, April 18, 1860-No- 
vember 29, 1863. Projection ahowing the regular increase and decrease 
of atmospheric heat in the city of Washington for the year 1826, Eob- 
ert Little. Psjcbrometric observations, J uly, 1854. Kegisters from Ee- 
cording Barograph. Snow-fall observed at the Smithsonian Institution 
April 1858-1874. 

FLORIDA. 

Comparison of the winds on the coast of Florida. Minutes of gale 
September 8, 1854, A. S. Baldwin. 

Jaelcsonmlle. — Bange of the thermometer at Jackson\ille, l845-'46, A. 
S. Baldwin. Table showing the temperature of February for sixteen 
years, A. S. Baldwin. 

Key West. — Barometrical and thermometrical curves June, August, 
and October, 1851. Details of storm August 27, 38, 1850, W. 0. Dennis.. 
Meteorological observations for 1844 -'45, Adam Gordon. Meteorologi- 
cal observations at the garrison, 1S43. Meteorological register Icept at 
Key West barracks, March-April, 1845. Barometrical variations, 1853. 

Neitport. — Account of storm, Charles BeecLer. 

New Smyrna. — Report of rainfall, 1873, George J. Alden. 

Saint Augustine. — Weather record, 1869-'70. 

Saint John River. — Temperature observations, January-April, 1869, 
O. A. Boardman. 

Tallahassee. — Observations with rain-gauge, Truman S. Betts. 



Berne. — Weather report, April, 1869, H, L. Hillyer. 

Cabaniss. — Estimate of rain. May, 1873, A. Colvard. 

Qaimsville. — Diagram of thennometric observations, February and 
March, 1872, Dr. W. T. Grant. Bain-fall for August, 1872. Meteoro- 
logical report, October, 1872, M. F. Stephenson. Weather notes, No- 
vember, 1872, M. F. Stephenson. 

Milledgeville. — List of plants observed in the vicinity, N. G. McAdoo. 

Savannah. — Meteorological observations. May, 1858, September, 1859, 
John F. Posey. 

Tratler'a Hill. — Meteorological report, September, 1871, F. M. Smith. 

Waldo. — Meteorological record, March, 1866, Dr. B. O. Garvin. 
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Warrington. — Meteorological register at United States naval lio^i- 
tal, January, 1859. 

Witoon»i(te.— Meteorological observatioos, October, 1873, W. B. 
Somerville. 



Account of tornado in Northern Illinois, 1855, John Wentworth. 

Meteorology of Illinois, B. Whitaker. 

Athms. — Meteorological record, 1851, and errata, J, Hall. 

Augusta. — Mean temperature, 1833-1852. 

Aurora. — Meteorological observations for 1859, George Sutton. 
Tbermometric record, 1859, A. J. Bubcock. Chart of temperature, 
1859, A. J. Babcock. 

Batavia. — Meteorological report, March and April, 1857, Thompson 
Mead. 

Beloidere. — Abstract of registers, I8fi8-'71, G. B. Moss. Comparison 
of monthly temperatures, 1867-1870, G. B. Moss. Kecord of thermome- 
ter, March-October, 1867. Summaries of meteorological records, 1868- 
'72. 

Brighton. — Meteorological abstracts, 1869, W. V. BIdredge. Meteor- 
ological table, April, 1855-April, 1856, W. V. Eldredge. 

GartlMge. — Register of meteorological observations, August, 1858- 
September, 1859, Mrs. B. M. A. Bell. 

CJtarlcston. — Temperature report, March, 1870, Charles Gramesly. 

Chicago. — Diagrams showing effect of meteorological infineuces on 
mortality, 1807-'69. Meteorological record, January-September, 1844, 
Silas Meacbam. 

Coopersville. — ^Temperature notes, January, 1869, S. Hazleton. 

Danvers. — Meteorological report. May to I>ecemt)er, 1872, Ira Rowelt 

Decatur. — Double parhelia, February, 1870, Timothy Dudley. 

Hffingliam. — Weather notes, March, 1869, H. Grnenewald. 

Elgin.— Remits of meteorological observations, 1858-'59, J. B. New- 
comb. 

Galesburg. — Maximum and minimum temperature, February-Decem- 
ber, 1873, B. F. Kemp. 

Hennepin. — Abstracts of thermometric record, 1865-'72, Smiley Shep- 
herd. 

Weather notes, 1870, Smiley Shepherd. 

Highland. — Becord of temperature, lS4l-'52, Byhiner. 

Hopedale. — Meteorological items for 1871, A. G. Ortspe. 

Marengo. — Weather notes, July, 1854-May, 1855, January, 1856, O. P. 
Eogers, 

Mortlijield. — Account of tornado, 1855, John A. Kennicott. Account 
of tornado, 1855, Allen W. Phillips. 

Pekin. — Summary of meteorological observations, 1855-'56, 1859, J. II. 
Eiblet. 
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Peoria. — ^Meteorological observations, December, 1855-Febraarj-, 1865, 
Fred. Brendel. 

Phcenixville. — Meteorological report, May, 1869, Isaac Coffmao. 

Ridge J'arm.— Reports of the weather, December, 1867, January-April, 
1868, B. 0. Williama. 

Riley. — Summary of meteorological observations, 1872. Summaries 
of meteorological observations, 1861-73, J. W. James. 

Sadonis. — Weather notes, June, 1866, A. Catron. 

SaTidtcich. — Annual abstract for 1871, and conditions for Jaly, 1871, 
N. E. Ballon. 

South Pass. — Meteorological reports, December, 1863-October, 1865, 
8.'C. SpauIdiDg. 

Vandalia. — Weather notes, Febraary, 1872, Geo. L, Jackson. 

Warsaw. — Account of tornado, June, 1858, B. Whitaker. Account 
of storms of August 18,28,29; B. Whitaker. Mean temperature and 
rain-fall, May, 1872, B. Whitaker. Meteorological observations, 1840- 
55, B. Whitaker. Weather reports, September-December, 1856, B. Whi- 
taker. York Neck meteorological record, 1864^'65, V. P. Gray. 



Btoomington.—B^port of Bobinsou's anemometer, Kovember, 1809, 
C. M.^Dodd. 

Cannetton. — Abstract of meteorological journal, November 26-Decem- 
ber 3, 1856, Hamilton Smith. 

Fort Gi&«o«.— Report of temperature October, 1854-April, 1857, Hen- 
ry Little. 

Indianapolii. — Meteorological report of Indianapolis Academy of Medi- 
cine. Summary of observations for the quarter ending November 30, 
1870, Dr. E. Hadley. Monthly mean range of thermometer, 1861-6;$, 
Royal Mayhevr. Temperature report and account of hail-storm, W. J. 
Elstun. 

Knightatoicn. — Condensed maps of atmosphere, 1860-70, D. Deems. 

Logamport. — Abstract of meteorological tables, 1856-'67, January' aud 
February, 1868, Chas. B. Lasselle. 

Manchester, — November, 1871 compared with November, 1872, Peter 
Murray. 

Mount Sope. — Diagram of rainfall, November, 1869, D. Deem. 

Richmond. — Meteorological observations, March, 1856, Joseph >Ioore. 

RockviUe. — Mean temperature, 1862-'66, W. H. Anderson. 

Peru. — Weather report, September, 1869, W^. W. Austin. Weather 
report, June, 1870, William Daniells. 

Saint Peter's. — Weather notes, January, 1869, Francis A. Bauer. 

Tepoy. — Weather notes, November, 1868-Novemberl873, C. G.Boerner. 

IKDIAM TKEEITORY. 
Meteorological notes obtained from conversations with Greek chiefs. 
Fort Washita. — Comparison of Julys, lS44-'49. 
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3elleviie. — Synopsis of meteorological registerj November, 1855-No- 
Tember, 1856, John C. Forg. 

Btoomiiigton. — Meteorological table, 184S, T. S. Parvin. 

Boonsboroufjh. — Account of storm, April 25, 1872, E. Babcock. 

Border Plaint. — Meteorological observatious, March, 1355-Marcli, 
1866, George C. GoBfi. 

Oa»?ieIto».— Rain -fall, May 1-November 8, 1857, H. Smith. 

Oresco. — Meteorological Doteij, December, 1871, H. D. Noble. 

Dubuque. — Humidity, June, 1853> Asa Hon. 

Fairfield. — Meteorological notes, June-November, 1856, J. M. Shaffer. 
Meteorological notes, 1857-'58. 

Fontanelle. — Weather report, December, 1868. 

Fort Madison. — Temperature and precipitation, 1843-'52, Daniel Mc- 
Cready. Weather notes, June-December, 1873, Miss L. A. McCready. 

Guttenberg. — Ateteorologieal report, March, 1865, Philip Dorweiler. 

loica City. — Meteorological observations, 1SG6, Tbeo. S. Parvin. 

Maqueta. — Meteorological observations, February, 1857, E. F. Uobart. 

Marbh Rock. — Weather report, March, 1867. 

Mount Ver)ion. — Tbermometrical observatious, September, 1856- 
March, 1857, B. W. Smith. 

Muscatine. — Gondeused report for 1871, J. P. Walton. Bange of ther- 
mometer, 1871, J. P. Walton. Meteorological journal, 185^, '55, '56. 

Pacquett^s Ferry. — ^Table of meteorological observations, by A. L. 
Barraud, March, April, 1871. 

Fella. — Abstract of meteorological observations, 1855, B. H. A. 
■ Scbeerer. 

Poulteney. — Meteorological journal, 1853, Benjamin F. O'Neill. 

Red Oak. — Report for August, 1872, E. A. Harris. 

West Union. — List of corrections in meteorological record, F. Mc- 
Clintock. 

Woodftine.— Weather notes, July, 18C8, March, 1869, August, 1870, 
D. K. Witter. 

KANSAS. 

Abstracts of the meteorology of 1874, condensed from the records of 
the Kansas State Agricultural College by William K. Kedzil. 

Highest and lowest temperatures observed in Kilnsas, George H, 
Boebmer. Weather notes, April, 1873, George Wigg. 

Bcuter Springs. — Report for April, 1871, W. Hyland. 

Belleville. — Meteorological report, August, 1872, J. W. Raynolds. 

Weather notes, 1873, J. W. Raynolds. 

Bc/oit— Rain-fall in February, 1872, T. McGrath. 

Burlington. — Chart of appearance of sky, February 5, 1870, Allen 
Crocker. 

Crffir/or^sciVIe.— Meteorological observations, May, 1867.^ 
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Emporia.~Ba\Q-M\ iQ Octot)er, 1872, G. W. Cass. * 

Eolton. — Account of earthquake, April 24, 18G7,Dr. Jamea Wattera. 

idicreroce.— Account of eartbquake, April 24, 1807, E. J. Kice. Amouut 
of raiQ and melted snow, January, 1801-December, 1867, A. N. Fuller. 
Meteorological notea, February, 1867, George W. Holliugtvortb. Mete- 
orological summary for 1873, F. H. Snow. Temperature observatious, 
186I-'67, Arthur N. Fuller, 

Leavenicorth. — Account of earthquake, April 24, 1867, H. D. Mc- 
Carty. 

Seoslio Falhi. — Meteorological observations, March, 1859, B. F. Goss. 

Olatha. — Account of weather, 1868, W. Beckwith. 

Osawatomie. — Meteorological report, March, 18C8, W. H. Berkey. 

Sycamore Springs. — Eain-fall, May-December, 1873. 

Topeka. — Account of earthquake, Ajtril 24, 1867, J. D. Parker. 
W^ashingtxm County. — Temperature report, April, 1873, Geoige Wigg. 

WiiUamsburgk. — Meteorological report, April, 1871, D. Fogle. 

KESTUCKT. 

Arcadia, — Meteorological observations, July, 1840-Febinary, 1841. 

Ashland. — Meteorological observations, November, 187^, J. B. Bow- 
man. 

CKn(o».— Report of rainfall for April, 186S, Rev. T. H. Cleland. 

Danville. — Meteorological register, July, 1843. 

Temperature aud rain observations, 1860, O, Beatty. 

Harodsburgh. — Meteorological register, March, 1871-Jnnuary, 18V2, 
J. £. Letton. 

Lebanon. — Meteorological observations at Saint Mary's College, April- 
November, 1843. 

Lexington. — Range of temperature, January, 1868-March, 18C9, at the 
Sayre Institut«, S. K. Williams. Register of thermometer and barome- 
ter at Sayre Institute, 1867, S. K. Williams. 

Moscow. — Weather report, September-October, 1872; J. B. Morris. 

Pine Grove. — Meteorological notes, May, 1S74, Samuel D. Martin. 

Sal^m. — Memorandum of the weather. May, 1868, llandolpli Noe. 

Springdate. — Meteorological reports, April-December, 1S43. Means 
for I860, Mrs. Lawrence Young. 

Winchester. — Hourly observations of thermometer, June-September, 
,1872, James M. Ogdeu. 

LOUISIANA. 

Alexandria. — Thermometric record, October, 1868-March, 1809, John 
P. McAuley. 

Baton Rouge. — Meteorological reports, July-September, 1872, May, 
1873, R. H. Day. Rainfall notes, November-December, 1872, Richard 
H. Day. 

iJeWti.— Rainfall table, 1807-'72, Lewis Campbell. r- t 
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Fort Jesup. — Tliermometric register, 1823-'45. 

Franklin. — Meteorological obaervatioos, Juue, 184S. 

Greenville. — Meteorological uotes, November, 1809, R. W. Foster. 
Meteorological reports, 1869, R. "\V. Foster. 

New Orleans. — Hourly meteorological observations, 1809-'10, Lafoar. 
Meteorological aiid inortnary cliart, 1849, Dr. E, H. Barton. Meteorologi- 
cal journal, 1841-'44, D. T. Lillie. Meteorological notes in annual report 
of boanl of health, 1849, Meteorological register, July, 1853, S. B. 
Benedict. Report of self-registering tberuiometer at the office of the 
hoard of health, September, 18T2, March-December, 1873. 1. Statbem. 
Tbermometric observations, 1820-1848, E. H. Barton. 

Fetite Coquille. — Topographical, geological, and medical report, June, 
1820, with chart, Dr. E. H. Bell. 

Point Pleasant. — Meteorological report February, 1869, March, April, 
1872, Eruest Tnrner. 



Ice in Kennebec River, Rev. Francis Gardiner. 

Belfast. — Summary of meteorological observations made at Belfast, 
.luly-September, 1872, January, 1873, Geo. B. Brackett. 

Druaswick. — Meteorological observations, 1807-1852, Parker Clev©- 
laiid. 

Castine. — Abstract of meteorological register, showing maximum and 
minimum temperature of every mouth, 1810-1850, Judge Nelson, 

Cominh. — Effects of lightning in storm of July, 1867, Silas West. 

Gardiner. — Amount of rain and melted snow, 1837-1852. Meteorologi- 
cal notes, 1837-1852, R. H. Gardiner. Weather uotes, April, May, 1806, 
K, H, Gardiner. Weather report, November, 1873, B. H. Gardiner. 
Weather report, winter, 1853-'54, B. H. Gardiner. 

ffiram. — Table and diagram of mean temperature for 35 years, 1831- 
1864, Geo. Wadswortb. 

Lisbon Factory. — Meteorological observations, August, September, 
1807. 

Milltown. — Notes on the great storm of October 4, Geo. A. Boardman. 

Portland. — Hourly meteorological report, August 2, 1872, W. H. 
Obler. Maximum temperature, 1816-1852. Meteorological register, 
February, 1851, and June, 1852, Chas. B. Merrill. Meteorological sum- 
maries for May, October, December, 1800, Jauuary, 1861. Meteorologi- 
cal tables for the year ending December 31, 1800, Henry Willis. 

Prospect. — Periodical phenomena, 18C4-'G5, V. G. Eaton. 

tf-ico.— Rain-fall, 1844-'46. 

Staiidisk. — Periodical phenomena. May, June, 1867, J, P. Moulton. 

Union. — Weather notes, July, 1871, Wm. Gleasou. 

Viaal Saven. — Weather record, October, 1869 ; W. Irving Vinal. 

Went Watcrville. — Weather report, June, 1871. 
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MARYLAND. 

Annapolis. — Maximum and minimum temperature, ISSC, W. R. Good- 
man, Kecord of maximum and miuimum tliermouieter, l>ecemt>er, 
1858, Wm. B. Goodraau. 

Baltimore. — Meteorological observatioos, 1829, '36, '37. Meteorological 
observations made iu the vicinity of Baltimore, lS18-'iO, '22-'23, Lewia 
Brantz. 

<7ftan(i%— Account of storm, June 21, 1857, S. T. Stuart. 

Cumberland. — Temperature observations, January, 1859-May, 1871. 
Meteorological observations for December, 1873, (Cumberlaud Daily 
News, Jaunary 5, 1874.) 

EmmitUhurgh. — Motion of clouds and force of wind, 18C8. 1872, C. H. 
Jourdan. 

Newcastle. — Weatber notes, August, 1871, Lewis H. Smith. 

Fikesville. — Temperature and raiu-fall observations, 1871. 

Saint Inigoes. — Notes for June, 1S6G, James Steplienson. 

Sam's Greek.— Accoaat of snow-storm, January 11, 1857. Weather 
notes, February, 1855, D. W. Naill. 

Scbellman Hall, — Meteorological tables, 184C-'49. 

MASSACHUSETTS. 

Amherst College. — Mean temperature observations, 1839, Professor 
Snell. 

bird's Island Lighthouse. — Meteorological observations, August, 1843- 
November, 1844, John (Jlark. 

Lawrence. — Summary of meteorological report, 1856, John Fallen. 

Lunenburgh. — Means of the thermometer, 1S58-186S, George A. Cun- 
Diogbam. 

Jfew Bedford. — Barometrical means and extremes, 1812-1848, Samuel 
Bodraan. Meteorological summaries, 1818-1833, Samuel Hodman. 
Bain-fall observations, August, 1S71, Samuei Hodman. 

North Billerica. — Weather notes, Elias Nason. 

Plainfield. — Thermometric observations, January-March, 1857, S, F. 
Shaw, 

Salem. — ^Temperature observations, 18I4r-1816, Dr. W. Bentley. 

Somerset. — Meteorological observations and quarterly summaries, 
1871-'72. Elisha Slade. Meteorological report, March, April, 1872, 
Elisha Slade. Mean tem|)erature, 1871-72, Elisha Slade. Weather 
notes, February, 1871, Elisha Slade. 

Springfield. — Meteorological observations, 1865-'6e, J. Weatherhead. 
Meteorological tables, 1848-'53, Lucius 0. Allen. Amount of rain, and 
maximum and miuumum temperatures, for summers of 1857-'53-'5d, F. 
A. Brewer. 

Williamstoten. — Plants found iu the vicinity of Williams College, P. 
O. Cbadbourne. Besults of meteorological observations for the year 
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ecdiug July, 1856, L. Wilson. Thermometric tables deduced from 
observatioua from 1816-1838^ reduced and arranged by E. W. Morley. 

Wood's Hole. — Observed temperature of the water in June, 1873, J. 
Edwarda. Eaio-fall during summer 1855; B. E. Gifford. 

Worcester. — Flowering seasons on Hospital Hill, 1839-1855. Meteor- 
ological observations at the State Lunatic Asylum, 1855, 1859-'61. 



Plants of Michigan, Dr. Dennis Cooley. 

Adrian. — Maximum and minimum temperature and rain, February. 
1669, Lemay HeHne. 

Alpena. — Mean temperature in 1872, J. W. Fasten. 

Ann Arbor. — Abstract ofmeteorological observations, January-March, 
1855, A.'Winchell. Abstract of meteorological observations, 1849- 
'52, L. Woodruff. Meteorological table for 1849, L. Woodruff. 

Cold Water. — Rainfall in April and May, 1872, Harvey Hayues. 

Copper Falls. — Abstract of meteorological observations, December, 
1855-October, 1856, Charles S. Whittlesey. Meteorological register, 
winter 1855-'56, Charles S. Whittlesey. 

Detroit. — Meteorological observations Decemt>er, 1848, W. A. Eay- 
mond. Climate of Detroit, Bela Hubbard. 

Ea{fle River. — Transcript of meteorological register, November, 1855- 
April, 1856, James S. Morgan. Transcript of meteorological register, 
December, 1854-Oetober, 1855, Charles Whittlesey. 

Flint. — Abstract of meteorological record Flint Scientific Institute, 
1855. Dr. D. Clork. 

Fort TFiiJW«s.— Monthly means, 1844-'46. 

Kalamazoo. — Weather notes, January-April, 1873, Henry H. Mapes. 
Weather report, Maj-June, 1868, Frank Little. 

Lake Superior. — Transcript of readings of detached thermometer, sum- 
mer of 1849, C. Whittlesey. 

Muskegon. — Meteorological observations, August 7-13, H. A. Pat- 
tisou. 

Ontonagon. — Transcript of meteorological register, November, De- 
cember, 1854, Dr. H. S. Taft. Transcript of meteorological register, 
December, 1853-Jauuary, 1854, A. Stocbley. 

Osktemo. — Weather notes, 1866-'71, Henry H. Mapes. 

Fort Huron. — Weather report, February, 1868. 

. Portage Lake. — Transcript of meteorological reports, December, 1853 
-June, 1854, C. H. Palmer. 

Saint James. — Beaver Island meteorological observations, September, 
1852-Augu8t, 1853, James J. Strong. 

ISaugatvck. — Meteorological observations, February, 1855, L. H. 
Streug. 

Sault Ste. Marie. — Diary of the weather, September, 1823- Juue 1825, 
Colonel Cutter. 
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Sugar Isle. — Weather notes, August, 1865, J. W. Pazton. 

Thunder Bay Island. — Weather report, Mareh-May, 1866, J, W. 
Paxton. 

Traverse City. — Quarterly met«orological register for 1873, S. E. Wait. 

Upper Peninsula. — Transcript of meteorological register, July-Sep- 
tember, 1850, A. Merry weather. 

MINNESOTA. 

A/ton. — Meteorological report, January, 186S, B. F. Babcock. 

Beaver Bay. — Description of iDStnuuents, method of observiug, &c., 
Thomas Clark. 

Burlington. — Meteorological observations, 1857, '58, A. A. Hibbard. 

Chippewa Agency, — Tbetmometrlc record, January, 1871, Br. H. Mc- 
Mabon. 

Enterprise. — Weather report, March, 1871, John Greetburst. 

Hennepin. — Profile of barometric curves, December, ISTl-January, 
1866, J. B. Clough. 

Itasca. — Weather reconl. March, 1865. 

Litchfield. — Diagram of halo around moou, H. L. Wadsworth. 

A'ew Ulm. — Report for October, 1867, John Kauba. 

Watemille. — Meteorological reports, April-August, 1866, Lewis Stone. 

MISSISSIPPI. 

BrooJAaven, — Weather notes, 1867, T, J. B. Keenan. 

Columbus. — Meteorological observations, 1855, '58-'o9, James 8. Lnll. 

Fayette.— List of early and late frosts, 1834-1863, G. C. Armstrong. 
Appearance of birds, 1873. 

Mount Carmel. — Bange of thermometer, January, February, 1870, E. 
H. Mewton. 

Natchez. — ^Meteorological notes, 1871, Thomas J. Cockrell. Kemarks 
on the weather, March, 18^8, Robert McCary. 

Pass Christian. — Meteorological observations, May-July, 1860, S. Shep- 
herd. 



Charleston. — Meteorological observations, 1868. 
Corning. — Weather notes, November, 1872, Horaee Martin. 
East Prairie, — Meteorological report for 1869, A, Miller. 
Edina. — Tabular statement of fall of rain, May, 1859-January, 1867, 
J. 0. Agnew. 
Enterprise. — Weather notes, June, 1871, J. Greethnrst. 
Hannibal. — Meteorological report, April. 

High Hill. — Thermometric record, December, 1872, W. S. Ghapin. 
Lexington. — Memoraudum of weather, 1855, W. T. Davis. 
Bichtand. — Records of tbermometer, lS69-'72, Spencer S. Goodwin. 
Rolla. — Registry of periodical phenomena, 1868, Homer Ruggles. 

t'.OO'ilc 



102 



MISCELLANEOUS METEOEOLOGIC. ! 



endiug July, 1S56, L. Wilson. Thermomi'ti' 
observatioLs from 1816-1838,. rednced and m- 

Wood^s Sole. — Observed temperature of tlu- 
Edwards. Kaiu-fall dariDg summer 1855; II. ■ 

Worcester. — Floweriug seasons on Uo!!pit:il i 
©logical observations at the State Lunatic .\ 

MICHIGAN. 

Plants of Michigan, Dr. Dennis Coul.'' 

Adrian. — Maximum and miuimum t' 
1-869, Lemay Hellne. 

Alpena — .Mean temperature in ]f<7;' 

Ann irftor.— Abstract of meteornl ■ 
1855, A.'Wincbell. Abstract of 
'52, L. Woodruff: Meteorological (. 

Cold Water. — Bain-fall in Aprii 

Copper Falls—Abstract of ir 
1855-October, 1856, Charles S, 
winter 1855-'56, Charles S. \Vi. 

iJetriwi.— Meteorological o'- 
mond. Climate of Detroit, ' 

Ha^le River. — Transcri]ir 
April, 1850, James S. Mr 
December, 1554^0ctobii . 

Flint. — Abstract of ji 
1855,Dr. D.Clarli. 

Fort Wilkins.—Mi'v 

Kalamazoo. — Wcii, 
Weather report, M-.: 

Lake Superior.— ' 
mer of 1849, C. \^ 

Muskegon. — SI • 
tison. 

Ontonagon. — " 
cember, 185i, I 
December, 185 

Oshtemo. — \\ ■■ 

I'ort Huron. - 

. Portage Lii!:i 

-June, 1854, ('. 

Saint Jamc-^ 
lS52-Aujaut 



A 
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.1. Temperature curves, May, Jaiy, is^y. 

NEW MEXICO. 

ny, Wealth, and Eesonrces of Wew Mexico, Hon. S. B. Elkins. 
ationsmade by James M. Beade, during Pope's expedition. 
jue Redondo Reservation. — Climate at Indiao farm in 1SG7. , 
Paso. — Curve of dally temperature. 
■irt Union. — ^Thermometric record, 18Ij3-'54. 

MEW YORK. 

Account of -weatber at New York Fort, winter of 1746-'-i7. Flow of 

e west branch of the Croton liiver, J. J. E. Crocs. 

Babylon. — Thermometer observations. May, June, 1872, F. Miller. 

Brooklyn. — Diagramsof cyclesofcold during winter 1848-"49j E. Mcr- 
riam, 

Buffalo.— Glitaa,to\og:! of Buffalo, 1867, W. Ives. Meteorological 
memoranda for March, 1865, W. Ives. 

Canandaigua. — Taylor's weather table, 18C0. 

(Jhatham. — Meteorological observations, November, 1839-November, 
1815, William E. Oliver. 
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Table showing range of thermometer, April, 18C6-March, 1867, H. Bug- 
gies. 

Saint Lotiis. — MaximnDa,iniDininm,aQdmeaD ten]peratnres,1849-IS32, 
Dr. Engelmann. Mean temperature of every month 1836-1853, G. 
Eugelmanu. Meteorological condition and mortality of Saint Loui^, 
1855, Dr. Geo. Engelman. Meteorological observations, 184l-*44, Dr. 
E. B. BrowQ. Meteorological observations, 1856, '70. Meteorological 
observations, 1861, '69, Dr. A. Wislizenua Meteorology for 1867, Dr. 
Geo. Engelmann. Weekly meteorological records, 1872-'73, B. D. Krib- 
ben. Chart, November, December, 1872 ; daily means, October, 1872. 

Stoutville. — Weather report, December, 1871, A. Y. Carlton. 

Waaltburn. — Weather record, spring season of 1871, J. W. Hannah. 

MONTANA. 

Meteorology for 1859, W. W. Johnson. 

NEBBASEA. 

Barometrical observations at Fort Kearney, South Pass, and Honey 
Lake Wagon- Eoad, 1857-'58 , W, H. Wagner. Meteorological observit- 
tiooa at Fort Kearney, Laramie, &c., 1860-'6{. 

De Soto. — Temperature observations, January-March, 1867, Charles 
Seltz. 

Fontanelle. — Bange of thermometer, July, 1868, H. Gibson. 

Peru. — Account of earthquake April 24, 1867 ; J. W. McKenzie. 

PlattsmoHth. — Meteorological observations, January, 1872-January, 
1873, A. L. Child. 

■■ Santee-Sumx Agency. — Statement of weather, December, 1870-ApriI, 
1871, Geo. 8. Truman. View of parhelia, November 22, 1871. Accouut 
of dust-storm. 



Aurora. — Weather report for September, 1868, Samuel Young. 

MEW HAMFSHIBE. 

Depth of rain and melted snow collected in rain-gauges kept by the 
W. L. C. and W. M. Company, in 1870. 

C(aremont.— Eeport of rain-full November, 1867, and April, 186S, 
Lewis Stevens. 

Coiicord. — Weather notes, Jannary-March, 1856, W. Prescott. 

Hanover. — Barometric and thermometric monthly curves, Dartmouth 
College. List of plants growing in vicinity. 

Manc}wst£r. — Meteorological obsetvations, 1845-'51, S. N. Bell. 

New Ipswich. — Weather notes for August, 1805, W. D. Locke. 

North Barnstead. — Meteorological abstract, September, 1860, C. H. 
Pitman. 

PiHs/ieW.— Meteorology of 1872, Geo. E. Drake. 
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Portsmouth. — Meteorological observations made at the navy-yard, 
1839-'42. 

SheUfurne. — Selected memorandums, relative to tbe weather, from 
1868-'72, John Oollin. 

Wiitejield. — Meteorological observations for the last twenty-two days 
of May, 18C9, L. D. Kidder. 

HEW JEB8EY. 

Aleo. — Register of temperatare, 1869-'71, H, A, Green. Weather 
record, 1870, H. A. Greeo. 

Bloomfield. — Diagram of wind's variatioo, Jaonary-Juue, 1855, B. L. 
Cooke. 

Burlington. — Meteorological regist«r, 1819-'58, 

Freehold. — Hegister of thermometer in the open air for the year 18C0. 

Jersey City. — Moathly means of temperature observations, 1871- 
'73, Tliomas T. Howard, jr. Quarterly reports, 1871, Tbomaa T. How. 
ard, jr. Record of observations with maximum thermometers, the bulb 
of one touching painted tin and the other bright tin, simnltaneoasly ex- 
posed to the direct rays of the snn, Thomas T. Howard, jr. Thermo- 
metric record, December, 1870, Thomas T. Howard, jr. 

Lambertville. — Monthly mean temperatures, 1837-'59. 

Moorestown. — Summary for August 1868, T. J. L<.ans. 

Setcark. — Maximum, minimum, and mean temperatures, 1854, 'G0-'63, 
W. A. Whitehead. 

New Qermantown. — Monthly reports of range of barometer, 1871-'72, 
A. B. Noil. Height of barometer, July, August, ISfiO-October 187(», 
A. B. Noll. Temperature curves. May, July, 18C9. 

HEW MEXICO. 

History, Wealth, and Resources of New Mexico, Hon. 8. E. Elkius. 
Observations made by James M. Reade, during Pope's expedition. 
Bosque Redondo Reservation. — Climate at Indian farm in 18G7. , 
JJI Paso. — Curve of daily temperature. 
Fort Union. — ^Tbermometric record, l853-'54. 

HEW TOBK. 

Account of weatber at New York Fort, winter of 174G-'47. Flow of 
the west branch of the Croton River, J. J. R. Oroes. 

Babylon. — Thermometer observations. May, June, 1872, F. Miller. 

Brooklyn. — Diagramsof cyclesofcold during wiuterl848-"49, E. Mer- 
tiam. 

BM#afo.— Climatology of Buffalo, 1867, W. Ives. Meteorological 
memoranda for March, 1865, W. Ives, 

Canandaigua. — Taylor's weather table, 1SG9. 

Chatham. — Meteorological observations, November, 1839-Sovembcr, 
1845, William E. Oliver. 
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PepawBiHe.— Register of tliermoincter for January, 1865, Henry Haas. 

Ea^t Henrietta. — Diagram of meteorological moDtlily means, 1859, 
A. S. Wadsworth. Meteorological tables, 1859, A. 9. Wad-sworth. 

Farmingdale. — Wind record January-July, 18C6, 1867, January-Feb- 
ruary, 18GS, Jolin C. Merritt, jr. 

Fighkill Landing. — Abstract of meteorological register, 1854, W. Hark- 
ness. 

Flalbush. — Booli of meteorological remarks, 1850. Erasmus Hall. 

Geneva. — Meteorological observations, 1S50-'C5, Prof. W. B. Wiieon. 

Olasco.—W eathav notes. April, 1873, D. B. Hiudricks. 

Oouverneur. — Meteorological observations at high-scljool, 1837-49, 
Steplieu Allen. 

Lake. — Extremes of temperature observed December, 185C, January, 
1857, Peter Eeid. 

Lansingburgli.—U&iDMl, May, 1837-'C7, J. W. Heimstreet. 

Lei/den. — Meteorological report, January and February, 1869, C. 0. 
Merriam. 

Little Oenessee. — Weather notes, February. 

ioc^jwrt-^Moteorological observations, 1840-'5O, J. G. Trevor. 

Locimt Grove. — Meteorological report, 1863, C C. Meniam. 

Lowville. — DJrectiou of the wind for each hour, day and night, from 
October, ISSO-Juiie, 1851, David P. Mayhew. Synopsis of meteorolog- 
ical register, 1857, J. Carroll House. 

Madrid. — Meteorological observations, 1852-'53. 

Mokaick — Diagram of relative temperature for each month of 1867, 
Dr. James Lewis. Diagram hourly mean temperature, 1867, Dr. James 
Lewis. Meteorological record, Dr. James Lewis. Register of self re- 
cording instruments. Dr. James Lewis. Temperature observations, 
1867, Dr. James Lewis. 

Newbnrgh. — Thunder-showers, periodical phenomena, &c., in 1866, 
George Kimball. 

New York. — Abstractsof New York Academy Register, 1852. Account 
of solar phenomena and sketch of same, H. P. Smith. Chart showing 
influence of impure air and overcrowding, on health of New York, Dr. 
W. F. Thorns. Comparative view of temperature of July, 1854^'65, and 
of weather for first six months of 1855-'C5. Course of the epidemic 
in New York, 1866. Diagram of thermometric and barometric observa- 
tions at Cooper Union, May, June, 1870, Oran W. Morris. Map show- 
ing localities of cholera in New York, May, 1806-December, 1867, Dr. 
F. J. Randall. Mean temperature of seasons, 1869-'70; O. W. Morris. 
Meteorological Journal at College Place, May 24, lS57-Juue 4, 1862, 
A. E. Thatcher. Meteorological remarks to accompauy register for 1875, 
O. W. Morris. Notes on the meteorology of penitentiary hospital, 
Blackwell's Island, 1856, Dr. W. Sanger. Probabilities for each moon, 
1871. Summary of meteorological observations, 1808, Oran W. Mor- 
ris. Weather chart showing effects of meteorological influences on mor- 
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tality in New York, Dr. W. P. Thorns. Weather notes, Janaary, 1S56, 
J. 8. Gibbons. Weekly reports of meteorological observations at Cen- 
tral Park Observatory, 1867-'73. 

Nichols. — Weatber notes, periodical phenomena, &c., 1857, 1858, R. 
Howell. 

Iforth Hammond. — Account of earthquake December 18, 1868, C. 
A. Wooster. Observations of the weather, January- April, 18GC, C. A. 
Wooster, 

North Volney. — Meteorological report Febraarj, 1868, February, ISCO, 
June, 1809, J. M. Partrick. 

Ogdenshurgh. — Daily weather observations, January, March, 1S5S, W, 

E. tiuest. Measurementsof Saint Lawrence, W.E. Guest. Meteorologi- 
cal remarks October, 1840-3eptember, 1850. 

Ovid. — Register of rain-fall April-July, 1856, J. W, Chiclcering. 
Palisades. — Observations of weather for the year 18G8, W. S. Gil- 
man, jr. 
Penn Yan. — Diagr.im of daily mean temperature, February, 1855, U. 

F. Sartwell. Diagram of fluctaations of barometer December, 1S5G, 
Dr. H. P. Sartwell, Meteorological registers, January, 1857-A pril, 1853, 
Dr. H. P. Sartwell. Meteorological registers, 1853 and 1859, Dr. H. P. 
Sartwell. Summary of observations for 1873, George H. Youngs. 

Eocltester. — Meteorology of Rochester, 1829-'33. Meteorological oh 
servations 1831-'33, Doctor Main. Meteorological observations, ISSO, 
W. C. Pratt. Rise of water in Lake Ontario, 1845-1852, C. Dewey. 

Kouse^s Point. — Meteorologic!il journal, 1845-1853, John Br.itt. 

Saugerties. — Tliermometric observations by Kev. it. G. Williams, Jan- 
nary, 1863-June, 1865. 

Sing Sing. — Kain-fall observations June, 1873-JaDuary, 1875, and 
comparison of same with records of Oroton Aqueduct. 

South Hartford. — Periodical phenomena, lS60-'65, G. M. Ingalsbe. 

Spencertoicn. — Meteorological abstracts, 1855, C. A. W. Morehouse. 

Staten Island. — Meteorological report, 1871, '73, C. Keutgen,jr. 

Troy. — Weather notes, 1808-72. Meteorological report January- 
February, 1873, J. W. Heimstreet. 

Waterford. — Thermometric record, 1856, J. C. House. 

^yes^ Day. — Weather notes, 1858, Jude M. Young. 

WilleVs Point. — Results of hourly observations by the battalion of 
engineers, 186S-1S72. 

KOETH GABOLINA. 

Western North Carolina, its agricultnral resouEces, mineral wealth, 
climate, salnbiity, and scenery, Dr. H. P. Gatchell, Milwaukee, 187U. 
Extract from letter to Raleigh Standard, T. L. Olingman. 

Clinton. — Meteorological observations, B. F. Grady, jr. 

ienotr.— ^Meteorological report from the Davenport female college, 
May -September, 1869 ; July-September, 1870. Meteorological report, 
October, ISOO-June 1870, Lenoir female college. 

;,COOglC 



108 MISCELLAMEOUa METBOEOLOGICAL MATERIAL. 

Murfreesborough. — Becord of meteorological observations, A. McDow- 
ell, lS5e-'61. 

Scuppemong. — List of trees growiog in and near SouppernoDg, J. 
Avery Sbeplierd. 

Westminster. — Meteorological diary June-Angust 1843, Joel Watkins. 

Wilion, — Meteorological observatioaa, 1813-'^, Kev. A. A. Bentou. 

OHIO. 

Jjmesville. — Weather report, December, 1872, E. H. Branly. 

Austinburgh. — Meteorological observations, June-December, 1857, 
Jumes D. Her rick. 

Belle Centre. — List of flowering plants in the vicinity of Geneva Hall, 
Eobert Shields. 

Bowling GrecM.— Current weather, Febraary, December, 18C6, Joho 
Clarke. Barometrical and thermometrical observations, July-Decem- 
ber, 1857, January-March, 1858, W. R. Peck. 

GartJiagena. — Appendix to meteorological register, casual phenomena, 
September, 1870-December, 1873, K. IMiiller. Barometric and ther- 
monietric charts, 1870-73, R. Miiller. Meteorological curves, 1870-'73, 
E. Muller. 

Cheviot. — Miscellaneous data, winter 1855-'56. E. Hannaford. Reg- 
ister of meteorological observations, January-July, 1856; Edward 
Kohler. 

Cincinnati. — Account of weather for April, J, H. Shields. Maximum 
and minimnm temperature, 1835-1853, Dr. Joseph Ray. Meteorolog- 
ical observations, 1860, at Woodward High School, George W. Harper. 
Meteorological observations at College Hill, 1814-1848, Jackson. 

Cleveland. — Meteorological journal, 1857, G. A. Hyde. Meteorolog- 
ical register, 1866, G. A, Hyde. Meteorological report for 1867. Mete- 
orological summary, 1858, Edward Colburo. 

Dayton. — Report of deaths, June-November, 1873. 

Haton — Summary of observations, January, 1865, Miss O. Larsh. 

Hillsborough. — Rain-fall in 1857, J. McD, Matthews. Temperature 
and rainfall observations, 1860, J. MoD. Matthews. 

Island Creek. — Thermometric record, 1868, Robert Mackey. 

Keene. — Account of snow-storm, March 24, 1852. 

Kelly's Island. — Meteorological observations, 1860, George 0. Hunt- 
ington. Meteorological tables, 1859-1866, Georgo C. Huntington. 

Lancaster. — Eange of thermometer, May, 1866, J. W. Towaon, 

XiwMi.— Weaker notes, 1862-1870, Timothy Shroyer. 

Marietta. — Mean temperature of each month fixtm 1868 to 1871, Dr. 
George O. Hildreth. 

Mount Auburn. — Summary of meteorological observations at the Mount 
Auburn Young Ladies' Institute for 1871. 

New Idsbon. — Meteorological reports, 1855, 1856, J. F. Beuner. 

Neicton Falls. — Thermometric observations, March, 1871, with dia- 
gram, W, King. 

n,g,t,7l.dM,GOOglC 



MISCELLANEOUS METEOROGICALAL MATERIAL. 109 

North Letcishurgh. — Meteorological record, 1868, 

Fortxtnoutk. — Abstract of thermonietric observations, 1824-1831, Dr. 
G. B. Hempstead. 

Saint Clairsritle. — Geometrical exeniplificatioo of weather, 1819, 1820, 
compared with Cincinnati and Washington. 

Steubenrille. — Meteorological ohservatioiis for 1865, Joseph B. Dojle. 
Thermometric report, 1808, Koswell Marsh. Weather notes, 1SG3- 
ISGQ, Roswell Marsh. 

2'oledo. — Annual meteorological synopses for 1865-1809, Dr. J, B. 
Trembly. 

J7r&(i»a.— Meteorological sammary for 1859, 1864, M. G. Willlama. 



Climate of Western Oregon, comparison of differences between 
meteorological observations taken at a. m., lli m., 6, 7, 2 and 9 p. m., 
Louis Wilson. 

Astoria. — Monthly means of meteorological observations, 1856-1869, 
Loais Wilson. 

Columbia River. — Meteorological register, 1851, A. M. Harrison. 

Vorvallig. — Weather report for the winter of 1865, A. D. Barnard. 

Hola. — Weather record, September, 1869, T. Pearce. 

Hood iJicer.— Meteorological observationa, 1865-'68, 1872-'i3, Cbas. 0. 
Coe. Weather notes September, 1872, Thomas M. Wbitcomb. 

Mount Hood Station. — Temperature observations, December, 1872, 
Thomas M. Wbitcomb. 

Oregon City. — Diagram of weather, December, 1851, Rev. George M. 
Atkinson. Meteorological observations, 1849, 1850; Eev. George M. 
Atkinson. 

Portland. — Met«orologieal observations, December, 1858-ApriI, 1859, 
G. B. Stebbins. 

S(dem. — Meteorological report, July, 1857, W. Hamilton. 
PEJSMSYLVAHIA. 

Abington. — Mean temperature observations, 1801-1870, Bodman Sis- 
son. 

Ashland. — Thermometric record, 1869, A, Custis. . 

Blooming Grove. — Weather report, March, 1805, J. Grathwohl. 

Carlisle. — Meteorological table, 184C-'49, 

Ceres. — Meteorological observations, 1835-1852, Mrs. King. 

Chester. — Report of a committee of the Delaware County Institute of 
Sciences on the great rain storm and flood of August 5, 1843. 

Delaware County. — Plants growing in Delaware County, Geo. Smith. 

Epkrata. — Periodical phenomena, 1871, 1873, W. H, Spera. 

FactoryviUe. — Mean temperature of seasons, 1864-'00, II. Sisson. 

Fleming. — Abstract of meteorological registers, 1856, E. Brugger. 

Oermanlown. — Abstract from journal, January 8-February 11, 1856, 
Chas. J. Wister. CoC^lc 
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ITarrisburgh. — Mean temperatare, 1842-1849, 

JohnstoKn. — Registers from self-reeordiag barometer, D. Peelor. 

Lancanter Colliery. — Aunual meteorological reports, ll^C, 1858, 1859, 
P. Friel. 

LansforA. — Height of barometer, December, 1872, C. B. Burch. 

lAma. — Meteorological obserratioDB, 1867, Marshall Paiuter. 

Manchester. — Weather report, March, 1850, K. Marks. 

Meadville. — Meteorology for April, 1872, C. M. Burkhalter. 

MorritvUle. — MiDimom temperature, 1790-1852. 

Nazareth. — Meteorological journal, 1787-1792. 

Philadelphia. — Abstract of Girard College observations, 1842-'45. An- 
nual report on meteorology and epidemics for 1858, l>r, Wilson Jewell. 
Barometric and tiiermometric carves, 1844. Biironietical curves from 
three aud a half years' hourly observations, 1842-'tl5, at Girard College. 
Weather log, 1870-'72, F. Horner. 

Pittsburgh. — Weather signs, G- Albree. 

Beading. — Meteorological observations, 1857-'63, John Heyl Baser. 

Sliamokin. — Condensed meteorological report, 1855-'59, P. FrieL 

Skirleysimrgk. — Meteorological report, December 25-February 2, James 
Camthcrs. 

Somerset. — Mean temperature at Somerset, Pa., 1844-1859, 

Tamaqua. — Barometrical record, January, 1873. 

We/teftoroMff/i.— Notes of storm of September, J869, W. H. Cobb. 

Westchester. — Meteorological observations, 1855-1873, J. C. Green. 

Wkitehottse. — Meteorological observations, July, 185G, Edward Kohler. 

William»port. — Weather notes, April, 1873, J. Emery. 

Worthington. — Meteorological observations, January -June, 1859. 

Ibrft.— Temperature report, Jnly, 1866. 

KHODE ISLAI^D. 

Table sho^ving amountof rain and melted snow for each month, 18T0-'73. 

Providence. — Mean height of the barometrical column at Providence, 
A. Caswell, Meteorological diary, Jnly, 1854. Meteoiological observa- 
tions, 1850, 1852, 1855, 1858, A. Caswell. 

SOUTH OAKOLINA. 

Camden. — Account of the meteorology of the great storm, January 

18, 1857, Dr. Young. 
Charleston. — Abstract of meteorological report, 1855-'58, Dr. J. L, 

Dawson, Extreme and mean monthly temperature within doors, 1842- 

'56. llain-iall, 1738-1759. 
Evergreen. — Meteorological reimrt, September, 1858, B. J. Earle, 
Fulton. — Precipitation and cloudiness, 1818-1824, J. Dyson, 
Oreenmlle. — Meteorological observations, 1839-1845, Elias Earle. 
Pendleton. — Account of mountainous region of South Carolina, Thomas 

G. Clemsou. 
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Pomarui. — Meteorological report, November, 1871-Jauiiary, 1872, D. 
Be Dj El in in Btiaby. 

Saint Helena Island. — A daily joarnal of the temperature aud clianges 
of the weather, January 6-April 0, 1826, fouud by Dr. Walker. 

Saint John. — A meteorological journal for tbe year 18C0, (Biack Oak 
Agricultural Society, T, P.Eaveuel, secretary, Charleston, 1861.) Meteor- 
ological journiil, 1851, 1852, 1855, 1857, kept for Black Oalc Agrtcultuntl 
Society, by H. W. Eavenel, secretary. 

Waccaman. — Diagrams of mean meteorological elements, 1856, Alex. 
Glennie. Meteorological notes, 1855, 

Wilkinnville. — Weather report, March, April, 1867, Cearles Petty. 



Beech Grove. — Weather notes, February and 5!arch, 1867. 

Dover. — Meteorological observations, 1846-'49, Dr. Farel, 

Elizabethton. — Temperature observations, February, 1868, Charles H. 
Lewis. 

Qlenwood. — Diagram of annual quantity of rain, 1851-68, William 
Stewart. 

KnoxviUe. — Curves of horary variations of atmospheric pressure, 
June, 1854. Meteorological observations at East Tennessee University, 
1843-'45. 

Memphis. — Abstract of meteorological observations, July, 18C9, Ed- 
ward (roldsmith. Meteorological and nosological report lor the lirst six 
months of 1857, Dr. Daniel F. Wright. 



OUmat« of Texas, (Texas the Home for the Emigrant, Austin, 1873.) 
Total monthly rain-fall in Victoria County, Outober, 187ii-October, 1873, 
Thomas B. Cocke. 

Austin. — Meteorological obsen'ations, 1857-'70, J. Van Nostraud. 

Belmont Farm — Temperature tables, March, April, 1872, T. M. Scott. 

Burkeville. — Table of the weather, August, 1856-December, 1859, 
JJ. P. West. 

Boerne. — Meteorological register, January, February, 1872, J. G. 
O'Grady. 

Vlarhsville. — Temperature notes, October and December, 1869, Joha 
Anderson. 

Clear Lake. — Meteorological observations, July, 1871, George N. 
Leoni. 

Columhia. — Meteorological observations, Cedar Grove plantation, Jan- 
uarj', 1867. 

Dallas. — Meteorological report, June, 1851 -August, 1852, W. A. Ferri,8. 

Galveston. — Curves of barometer and thermometer, October-Decem- 
ber, 1851, February, 1853. 

Houston. — Meteorological observations, December, 1869^ April-Octo- 
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ber, 1870, J. H. Stanley. Meteorological observations, 1862-'06, Dr. A. 
M. Potter. Meteorological reports, May, 1869-March, 1870, J. H. Stan- 
ley. Meteorological tables, September, 1862-Jautiaiy, 1863. Weather 
notes, Marcb, 18G7, Miss E. Baxter. 

Kaufman. — Meteorological report, September, Kovember,186C, James 
Browu. 

Lavaca. — Meteorological report, December, 1868, January, 1869, L. D. 
He-iton. 

Jfcif Ulm. — Meteorological reports, July, 1872-Jiily, 1873, C. Eunge. 

Oakland. — Weather notes, February, March, 1871, F. Simpson. 

Pin Oait.— Meteorological table, 1856, W. H. Gantt. 

Eed Biver County. — Meteorological observations, July, 1871, Allen 
Martin. 

Eoundtop. — Meteorological table, 1859. 

San AnUmw. — Chart showing rate of mortality, mean temperature, 
and relative humidity of air, 1873, F. Petteraen. Mean temperature and 
rain, 1868-'71, F. Petterseo. Mean temperature, humidity, and rain, 
1873. Table of mean temperature, humidity, and rain-fall, 1873, Dr. F. 
Fettersen. Table showing number of times wind blew from each direc- 
tion in 1873, F. Pettersen. Temperature, humidity, and rain-fall, 1868-'09, 
Frederick Pettersen. Wind's progress represented by a polygon. Dr. 
F. Petteraen. 

Washington. — Memorandnm for 1866. 



Meteorological jonmal of a journey from Fort Leavenworth to Salt 
Lake City, 1855, David A. Burr. 

Coalville. — Meteorological observations, 1865, 1870, Thomas Bullock. 
Begister of maximum and minimum temperature, 1869, September, 1871- 
.lanuary, 1872, T. Bullock, 

Barrisburgk. — Weather report, February, March, 1872, James Lewis. 

Mount Carmel. — Weather report, December, lS71-January, 1872, C. 
B. Bolton. Weather report, October, 1873, W. J. Earl. Weather report, 
February, 1873, D. B. Fackrell. 

Saint Sfarj/'s. — Register of maximum and minimum temperature, June, 
1865-Augu8t, 1867, Thomas Bullock. 

Salt Lake Ciiy.— Meteorological observations, 1850, Captain Stans- 
bury. Weather report, 1868, William Fuller. 



Brandon, — Weather notes for January, 1865, E. Y. Marsh. 
Burlington. — Meteorological observations, 1828-1855. 
£a^t Motifpelier. — Meteorological observations, 1855, B. I. Wheeler. 
Fayctteville. — Becord of meteorological observations by Gen. Martin 
Field, 1826-1834. 
^i»iMi7((»n.— Slietcb of mountains around Killiugton, Hosea Doten. 
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JAinenburgh. — Meteorological table, observations from 1848-1872, H. 
A. Cutting. . 

Middlehury. — Account of earthquake, December IS, 1867, H. A. Shel- 
don. 

Norwich. — Meteorological report, April-Miiy, 1856, A. Jacliman. 
Weather notes, January, 1872, S. B. Phelps. 

Stamtead. — Acconut of storm, December, 1856, January, 1857, Moses 
S. Field. 

West Charlotte. — Observations on clonds, March, 1870, M. E. Wing, 
Periodical phenomena, record of snowstorms, phenomena of dew, &e., 
M. E. Wiug. Weather notes and meteorological phenomena, 1869-'71, 
M. E. Wing. 

Woodstock. — Meteorological observations, December, 1873, Hosea 
Doten. Kecord of masimum and miuimum temperature for November, 
1867, L. A. Miller. Measnrements of rain and melted snow, 1857, Charles 
Marsh; 



Account of destructive storm, September 6, 1769. 

Animals found in Madison County. 
' Diaries, 1844-1860. 
^ VapeviUe. — Statement of temperature, 1870, Emma C. Townsend. 

Culpepper, — Temperature, 1809-1872, A. Taliaferro. 

Fort Monroe. — Temperature observations, 1825-1854. 

OarysviUe. — Meteorological table, 1856, Dr. T. F, Beckwitli. 

Olade Creek. — Account of storm of January. 1857, Dr, Henry M. Price. 

Glasgow Station. — Temperature observations, 1866-'G8, E. J. Davis. 

Gosport. — Meteorological table kept at navy yard dispensary, 184Q. 

Piedmont — Notes of observations, August, 1871, Franklin Williams. 

Portsmouth. — Wind diagrams, February, 1852, N. B. Webster. 

Powhatan Sill. — Haius of 1867, E, T. Tayloe. Weather notes, August, 
18C6, May, 1867, May, October, December, 18G8, 1869-1873, E, T. 
Tayloe. 

Rose Hill. — Meteorological statement, 1859, Geo. W. Upshaw. 

Rougemont. — Account of snow-storm January 18, 1857, thermome- 
tric observatious, December, 1855-Decemljer, 1850, Geo. C. Dickinson. 

Salem.— Weather-log, 1868-'71, T. Horner, jr. 

Smithjield. — Meteorological journal, 1855, Dr. John E. Punlie. 

Hurry. — Tabular view of meteorological phenomena in the winler of 
1867, B. W. Jones. 

Tribroolc JVirwi.— Weather notes, 1867-'68, W. H. Ruffuer. 

Washington College. — Barometrical observations, March, 1869, W. H. 
Enfiiier ; temperature reports, April-May, 1869, Professor Campbell. 

Wytheville. — Meteorological observations, October 31, 1872, J. A. 
Brown. 

Barometer and thermometer curves 1868-lh72, 
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WASHINGTON TERRITORY. 

Cape Disappointment. — Meteorological observations, 1864-'68. 

Cadtlamet. — Notes for December, 1873, Clias. McCall. Weather notes, 
Sop'teuiber, 1868-September, 1869, December, 1873, Chas. McCall. 

Union Ridge. — Weatlier notes, January-Marcli, 1871, Tbos. M. Whit- 
coiob. 

WEST VIRGIMIA. 

Temperatare observations, Jannary-Joly, 1868, S. J. Stump. 
Weather notes, March, April, 180C, W. H. McDowell. 
Kanatcha Salines. — Depths of rain, April, 1857-April, 1858, W. C. 
Reynolds. Meteorological observations, 1828-1842, 185G L. D. S. Ruff- 

Sheets' MtUa. — Table showing highest and lowest range of thermome- 
ter, 1856-1865, Heudricka Clark. 

Weston. — Meteorological reports, 1869-'73, Benjamin Owen. Meteor- 
ological report, December, 1873. Temperatnre observations, May, June, 
1870. 

WISCONSIN. 

Map of Wisconsin, with lines showing effect of Lake Michigan on 
t«m{)erature, I. A. Lapham. 

Ou the climate of the coantry bordering on the great North American 
lakes, with map, 1. A. Lapham. 

Baysfield. — Meteorological observations, March, 1866, Andrew Tate. 

Beaver Dam. — Account of bail-storm, May, 1855, Eeuben Smith. 

Beloit. — Abstract of meteorological observations, 1873, A. A. Blaia- 
dell. 

Betroit. — Annual summary of weather record for 1873, P.W. Higgina. 

Hartford. — Meteorological observations, 1859-'C2, Hopewell Cox. 

Hingliam Meteorological reports, 1867, John do Lyser. 

La Potnfe.— Thermometric record, July-September, 1856, Edwin Ellis. 

Le Boy.— Remarks ou the weather, August, 1873, E. H. Benton. 

Manitowoc. — Amount of rain and melted snow, 1863-72, Jacob Liips. 
Das Gedeiheu der Pflauzen, Jacob Lups. Meteorological table showing 
the temperature from 1852-1871 inclusive, Jacob Lups. Meteorological 
observations, October, 1851-December, 1856, Jacob Lups. Meteorologi- 
cal tables, 1852-18C6, Jacob Lups. 

Mihcaukee. — Atmospheric tide deduced Irom hourly observations in 
October, November, and December, 1868, and January and February, 
18C9, 1. A. Lapham. Table showing mean temperatare, 1837-1804, L A. 
Lapham. 

New Danemora. — Meteorological observations, 1858, Emil Haonser. 

Odanak. — Register of therraometric observations, November, 1855- 
March, 1856, Dr. Myron Tompkins. 

Plattecilk.— Meteorological abstracts, January and June, 1855, J. L. 
Pifikard. , - , 
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Baeine. — Meteorological observations, November, 1855-Augiist, 18jO, 
E. Seymour. 

Summit. — Meteorological observations, 1845-8eptembor, 1850, E. S. 
Spencer. 

Wautoma. — Meteorological notes, April, 1870, Jonnthan SpaukHug. 
Statement of weather, April, 1866-March, 1870, J. Spaulding. 

WYOMING TEERITOEY. 

Meteorological notes, January, February, 1871. 
Atlantic City. — Meteorological observatiooa, 1871-'72, Geo. H. Lewis. 
Fort Laramie. — Hourly observations of thermometer, January 4-Jan- 
nary 7, 18Gi, Colonel Oollina. 
Laramie City. — Account of climate, Dr. H. L. Latham. 

POLYNESIA. 

3ANDWron ISLANDS. 

Meteorological observations, ]846-'47, Dr. W. HiMebrand. Account 
of volcanic disturbances, Dr. W, Hildebrand. 

Jlilo. — Thermometric record, June, 1852-1853, Dr. H. M. Lyman. 

ffonolulv. — Meteorological observations, 1868-'73, Capt. Daniel Smith. 
Meteorological observations, 18(i9-'72, Mrs. Dr. E. Hofman. 

Lahainaluna. — Meteorological observations, April-June, 1814. 

SOUTH AMERICA. 



San Luis Potosi. — Diagram of temperature observations at 6 a. m. and 
2 and 10 p. m. 

ECUADOE. 

Guayaquil. — Meteorological observations, October, 18C8, A. Destruze. 

G 3IANA. 

British Guiana. 

Georgetown. — Daily mean of meteorological elements at Georgetowu 

observatory, January-June, 1854, February, 18Ci, P. Sandeman. 

Dutch Ouiana. 

Paramaribo, — Maximum and minimum temperature, August, 1850, C. 

J. Hering. Temperature and rain-fall observations, June O-Deceniber 

15, 1867, January-July, 1869, Werkundige warmemingeii te Paramaribo, 

1808-'69. 

PARAGUAY. 

Aaunciou. — Meteorological (^servations, November, December, 1853, 
Klem. E. Hopkins. 
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SERU. 

Ariea. — Meteorological observations, 1854- '55, W. W. Evans. 
Jquitos. — Meteorological records, 1871-'74, V, Gait. Summary of ob- 
servations, lS71-'72. 

VEHEZUELA. 

Caracas. — Begister of meteorological observations. 

Colonia Tovar.^—DiagTams and tables of meteorological observations, 
1854-1856. ' 

La Quayra. — Temperature at the port of La Guayra, October, 1872. 
Jleteoiology and statistics, September 16-30, STovember 1-16, 18G9, C. H. 
Loelir. 

Baroiuetrical observations taken on journey to interior. Dr. A. Ernst. 

WEST INDIES, ETC. 



Meteorological observations at Saint Michael in 1874, Thos. Hickling, 
BAHAMAS. 

Meteorological tables, January, 1841-AugU8t, 1845, J. U. Lee. 

Sleteorological journal at public library, Bahamas, 185S-'59. 

Turk^s Island. — Meteorological observations taken in January, 1865, 
at United States consulate. Meteorological observations, July-October, 
1867. Observations taken at Turk's Island, 1860. 



Meteorological observations taken at Little Island, Saint Joseph, 1873. 

Eain-fall in Barbados, 1872-'73. 

Bain-fall and meteorological observations, 1873. 

BBEMDDA. 

Abstract of the Royal Engineers' meteorological observations at Ber- 

miuta, 1859. 

Extract from the meteorological report of observations taken at Cen- 
tra! Signal-Station, 1860^'64. 

CUBA. 
Havana. — Observacionea meteorologicas, 1842, L. E. Gibbes. 



Pwf flw Primce.— Extrait des registres de la station m^t^orologiqu^ 
snr la quantity de pluie annuelle qui tombe au Port au Prince, 1867, 
(Moiiiteur, 15 aol^t, 1868.) Snr la pluie tomb6e au Port au Prince en 
1868, et sur la temperature, (Le Mouiteur, fSvrier, 1860.) Sar la toui- 
p6rature du Port au Prince, (Moniteiir, samedi, 14 novembi;& 1865.) 

C.oo^Tc 
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Up Paak Camp, lueteorologicnl observationa, January-Msirch, 1S56. 

ST. OROIX. 
Notice of earthquake, March 19, 1868, E. H. Perkias. 

ST. MARTIN. 
Notice of earthquakes, January, 1869. 

MISCELLANEOUS AND UNKNOWN LOCALITIES. 

Abstract of logs aud observations taken at sea. 

Account of meteorological observations in New Granada, Central 
America, Mexico, and Alabama, A. Cornette. 

Ciirvas corresiKindieiites, de Abril de 1860. 

Map of Polar Sea, illustrative of acquired facts, M. S. Fields. 

Maximum, minimum, aud mean temperature, 1871. 

Meteorological observations, 1829. 

Meteorological observations, 1870, G. C. Boane. 

Meteorological observations, April, 1855-March, 1857. 

Meteorological observations at sea, 1807-1813. 

Meteorological observations, June, lS47-A])ril, 1849. 

Meteorological observations, registered on board yacht Fox, June, 
1857-Septcmber, 1859, F. L. McClintock. 

Meteorological observatious, October, 1867. 

Meteorological record, July-September, 1832. 

Meteorological record, December. 

Meteorological report of United States frigate United States, April- 
Julj;, 1844. 

Meteorological report of United States revenue steamer Wyaiida, 
May-October, 1868. 

Peiiodical jihenoraeua, 1866. 
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REPORT OF THE EXECUTIVE COMMITTEE. 



The executive committee of the Bojird of Hegents respectfolly sub- 
mit the following report io relatioD to the funds of tbe Institution, the 
receipts and expenditures for the year 1874, and the estimates for tiie 

.year 1875: 

Statement of the fund at the beginning of the gear 1875. 

The amount originally received as the beqnest of James 
Smithson, of England, deposited in the Treasury of tbe 
United States, iu accordance with the act of Congress of 
August 10, 1846 $515,169 00 

The residuary legacy of Smithsou, received iu 1865, depos- 
ited iu the Treasury of the United States, iu accordance 
with the act of Congress of February 8, 1867 26, 210 63 

Total beqnest of Smithson 541, 379 63 

Amount deposited iu the Treasury of the United States, as 
authorized by act of Congress of February 8, 1367, de- 
rived from savings of income and increase iu value of 

investments - 108, 6^0 37 

Amount received as the bequest of James Hamilton, of 
Carlisle, Pa.-.. 1,000 00 

Total permanent Smithson fund in tbe Treasury of the 
United States, bearing interest at 6 per cent., payable 
semi-annually iu gold 651, 000 00 

In addition to the above there remains of the extra fund 
from savings, &c., in Virginia bonds and certiUcates, 
viz: Consolidated bouds, $68,700; deferred certificates, 
$29,375.07; fractionalcertificate, $50.13: total, $88,125.20; 
now valued at 35,000 00 

Cash balance in the United States Treasury at the begin- 

iugof the year 1875, for current expenses 15,909 99 

Amount due from First National Banli, Washington, 
$4,112.43, {present value unknown) 

Total Smitheon funds 15th January, 1875 $701, 909 99 
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The coupons on the Virginia bon<l8 held by the Institution were sold 
ou the 19th May, 1874, by Biggs & Co., with the following result : 

$1,200 Virginia coupons, at 77J $925 50 

$2,322 Virginia coupons, at 77 l,7f>7 94 

2,713 44 
Less charges 17 Gl 

$2,695 S3 

This amount was deposited with the Treasurer of the United States 
on account of the current expenses of the Institution for the year. . 

The value of the Virginia bonds held by the Institution has increased 
during the year about $2,000. 

Coupons due July 1, 1874, and Jaunar^- 1, 1875, are still uncollected, 
and will form part of the income for the year 1875. 

It was stated in the last report that at the time of the suspension nf 
the First N^ational Bank of Washington, (19th September, 1873,) where 
the current funds of the Smithsonian had been deposited, there were 
$8, 224.87 to the credit of the Institution ; and that on the lltb of No- 
vember, 1873, a dividend of 30 per cent., or $2,407.40, had been rtceived, 
leaving a balance of $5,757.41 due. A second dividend on this deirosic 
was made on the 7th of April, of 1874, of $1,644.97, still leiivins 
$4,112.43 due the Institution, which it is hoped will be received at least 
iu part during the coming year. 

Statement of the receipts and expenditures iu 1874: 
EECEIPTS. 

Interest on $650,000 from the United States, 6 per cent., 
gold $39, 000 (10 

Interest on $1,000 from the Hamilton bequest, from 24th 

February, 1874, to 31st December, 1874 50 88 

Preniiuiu on gold 30th June, 1874, 110^; and 31st Decem- 
ber, 1874, 112i, (less commission) '. 4, 308 35 

Interest on Virginia stock, coupons sold, (9th May, 1874) . 2, 095 S3 

Twenty per cent, dividend from First National Bank, (7th 

April, 1874) 1, (J44 97 

Total receipts 47,700 03 

EXPENDITURE. 

Total expenditure from the Smithsou income iu 1874 ...... 44, 016 72 

Balance unexpended of the annual income which is iuclud- 
. ed in the cash balance in the Treasury, ($15,909.99) .... 3, 683 31 
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Statement of expeTidiiure in detail from the Smitfison income, 1874. 

Building. . 

Repairs of the bnildiug $3, 507 66 

Furuitan* and fixtures 717 73 

$4,226 39 

Qen^al ea^mes. 

Meetings of the board 312 87 

Ligbtiug the buUding , 523 15 

Heating the buildiDg 305 47 

Postage 81 07 

Stationery 492 64 

Incidentals 817 17 

Salaries and clerk hire 12, 730 00 

Purchase of books 457 43 

15,719 80 

Publications and researches. 

Smithsonian ContribntioDS 7,022 98 

Miscellaneona collections 7,363 67 

lleporta 664 92 

Other jiublications 93 40 

Meteorology and researches 881 07 

Apparatus 1, 142 60 

Laboratory 9 10 

Lectures 600 00 

17, 778 64 

Exchanges. 

Literary and scientific exchanges, &c 6,589 89 

Museum. 
Incidentals in addition to Government appropriation 703 00 

$44, 016 72 
As usual, the Institution has dnring the past year made temporary 
advances for the payment of freight on Government collections, pur- 
chase of instruments for exploring parties, &c., the repayments of 
which, together with the amount received from sales of publications, 
have been deducted from the several items of the foregoing expendi- 
tures, as follows : 

Bepayments. 

From exchanges, repayments for freight, &c -. $1,205 14 

From postage, repayments 45 45 

From researches, repayments 95 70 

From Smithsonian Contributions, sales 115 60 

From miscellaneous collectioua, sales 157 67 

From salaries, repayment of advance 40 00 

Fix»m incidentals, sales of old material 7 27 

SO 
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Tbe followiug are the estimatea of receipts aod appropriations of tbe 
Smithson fund for the year 1875 : 

Estimated receipts. 

Interest on tbe permanent fund, receivable 30th 

June, 1875, in gold...... ..' *19,500 

Interest on the permanent fund, receivable 31st De- 
cember, 1875, ia gold 19,500 

Interest on the Hamilton fund 60 

Probable premium on gold, 10 per cent 3, 906 

loterest on Virginia bonds 2, 000 

$44, 966 

Provisional appropriations. 

For building $2, 000 

For general espenses 14, 000 

For publications and researches 20, 000 

For exchanges 7, 000 

For books and apparatus 1 , 000 

For contingencies 966 

$44, 966 

NATIONAL MUSEUM. 

The annual appropriation of Oongress for the preservation of the 

Government collections intrusted to the care of the Institution has 

been continued during tbe past year, and an additional sum of 

$10,000 baa been granted for the fitting up and completing tbe cases in 

^ the new halls required for these collections. 

The latter appropriation has been expended in tbe construction of wal- 
nut table-cases with glass tops and sides, for the exhibition of the smaller 
ethnological speciiuens in the upper hall, and for large cages for mam- 
mals and fishes in tbe lower ball. The latter cases have also been so 
coDStructed as to serve as bases or platforms for restorations of the 
megatherium, badrosaurus, glyptodon, &g., tbua utilizing alarge space, 
and forming a very striking and imiK>sing feature of the collections. 

The following is a tabular statement of the condition of the Museum 
funds : 

For preservation of ike Government cQllections. 

Balance unexpended of appropriation for the 

fiscal year ending June 30, 1874. (Statutes at 

Large, vol. 17, p. 518) See Keport for 1873, 

page 145 $7,600 00 

Amount expended to December 31, 1874. {See 

Museum Journal A, p. 73.) 7, 500 00 

Balance Nothing. 
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Appropriation for fiscal year eiidiug June 30, 

1875. (Statutes, 1874, p. ai6) $20, 000 00 

Expeuditure I'rom Jul; 1, 1874, to Jaoaary 11, 

1875. (See Museum Journal A, p. 106) 12, Oil 38 

Balance unexpended •. . . . , $7, 988 62 

For fitting up kails for Qovernment collections. 

Balance unexpended of appropriation for fiscal 
year endiug June 30, 1874. (Museum Journal 
A, p. 519) $5, 650 92 

Expenditure ou this account iu 1S74. (Museum 
Journal A, p. 527) 5,550 92 

Balance Nothing. 

For steam-heating apparatus/or Museum. 

Balance unexpeudedof appropriation for fiscal 
year ending June 30, 1874. (Museum Journal 
A, p'. 533) 3, 462 03 

Expenditure on this account in 1874. (Museum 
Journal A, p. 527) 3, 462 03 

Balance Nothing. 

For fitting up and completing cases for collections. 

Appropriation for fiscal year ending Juno 30, 
1875. (Statutes, 1874, p. 216) 10,000 00 

Expended on this account in 1874. (Museum 
Journal A, p. 106) 10, 000 00 

Balance Nothing. 

From the above statement it appears that of the congressional nppro- 
priatioDS for the National Museum, the only amount unexpended and 
now available for the collections is $7,982.62. The estimates submitted 
by the Institution to Congress for the fiscal year ending 30th June, 
1876, were as follows: 

For the preservation of the collections $25,000 00 

For fitting up and completing the cases 10, 000 00 

Total amount required ■ .$35,000 00 

We have no reason to doubt that this sum, or the greater part of it, 
will be appropriated by Gougress (luring the present session. 

All the payments on account of the National Museum have been made 
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during the past year, directly by the disbursiug officer of the Depart- 
ment of the Interior, on the pieseatatiou of Touchers approved by the 
Secretary of the Smithsoniau Institution. 

The executive committee have examined five hundred and seventeen 
receipted vouchers for payments made from the Smithson iucome 
during the year 1874, and foar hundred and seventy similar vouchers 
for payments made from the congressional appropriations for the Na- 
tiona) Museum, makings total number of vouchers of nine hundied and 
eighty-seven. 

All of the vouchers have the approval of the Secretary of the lustitu- 
tton, and a certificate setting forth that the materials and property and 
services rendered were for the Institution, and to be applied to the pur- 
poses specified. 

As authorized by a resolution of the board 26th May, 1874, the com- 
mittee have also examined the account-books of the National Museum 
and find the balance of $7,988.02 to the credit of the appropriation for 
the "preservation of the collections" remaining on the 11th Jauuary, 
1875, to correspond with the certificate of the disbursing clerk of the 
Department of the Interior. 

The quarterly accounts current, bank-book, check-book, and ledger, 
have also been examined and found to be correct, showing a balance in 
the care of the Treasurer of the United States 15th January, 1875, of 
$15,009.99. 

Kespectfully submitted. 

PETER PAEKBR, 
GEO. BANCROFT, 
Execvtixe Committee. 

■WAiHiNOTOir, January 23, 1875. 
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JOUENAL OF PROCEEDINGS OF THE BOARD OF KBGENTS 
OF THE SMITHSONIAN INSTITUTION. 



WASHiMGroN, D. C, January 20, 1875. 

In accordance with a resolntion of the Board of Eegeuta, fixing the 
third Wednesday of January as the time for the commencement of the 
annual session, a meeting of the Board of Regents was held on Wednes- 
day, 20th of January, 1875, at 7 o'clock p. m,, at the Smithsonian Insti- 
tution. 

Present, the Chancellor, Chief-Justice Waite; Hon. Henry Wilson, 
Vice-President of the United States ; Senators H. Hamlin and A. A. 
Sargent; Eepresentive Hon. E. R. Hoar; Hon. Peter Parker, Prof. 
Asa Gray, L. L. D., Prof. H. Copp^e, L. L. D., Hon. George Bancroft, 
and Professor Henry, the Secretary. 

The minutes of the last meeting were read and approved. 

Excuses for non-atliendahce were received from Prof. Dana, Doctor 
Maclean, Hon. Mr. Stevenson, and Hon. Mr. Cox. 

The Secretary presented the following letter from General Sherman, 
which was read : 

Headquaetees Aemy op the United States, 

Saint Louis, Mo., November 12, 1874, 

My Dear Profbssoe : Having removed my headquarters and resi- 
dence from Washington to Saint Louis, it is pijiper that I should resign 
the post I have held for a few years as a Regent of your most honored 
Institution. I beg, therefore, that you will construe this letter as a 
tender of my resignation to the Board of Regents, or to such official as 
can accept the same. 

In thus severing my official connection with the Smithsonian, I beg 
leave to express to you and your associates my sense of the noble task in 
which you are engaged, and of my earnest prayer that ihe Institution 
under your management will continue to fulfil its magnificent design. 

A knowledge of science, that is of the laws of nature, is so intimately 
connected with the advance of higher civilization, that Mr. Smithson 
displayed unusual wisdom in so endowing his institution that it should 
give its principal labor to the increase of knowledge, to accumulating 
and securing new knowledge to be added to the old, which should be 
a special province of the universities of the whole earth. I therefore 
coincide with yoii perfectly in yoar special construction of the will, and 
hope that the Regents will continue to construe it literally, as a legacy 
s;icred in its- nature and beneficial in the highest degree. 

I beg jou will assure your associates that among the many causes of 
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regret at leaviog Washington, nODe impresses me more tbao that which 
forces me to sever my relations with the Eegents of the Smithsonian 
Institution. 

With great respect, your Mend and servant, 

W. T. SHEEMAN, 

Gmeral. 
Prof. Joseph Henbt, 

Smithsonian Institution, Washington, D. O. 

On motion of Dr. Parker, it was 

Resolved, That the Secretary of the Institution acknowledge the 
receipt of the letter fiiom General Sherman, and express to him the 
high appreciation of the members of the board of his services as a 
Kegent, and their regret at the termination of his official connectiou 
with the Institution. 

The Secretary stated that Congress had passed a joint resolution 
electing Hon. George Bancroft, who had recently become a permanent 
resident of Washington, as Regent to fill the vaeancy occasioned by the 
resignation of General Sherman. 

On motion of Mr. Wilson, it was 

Resolved, That the vacancy in the Executive Committee, occasioaed 
by the resignation of General Sherman, be filled by the appointment of 
Hon. George Bancroft. 

The Secretary presented his annual report of the operations and con- 
dition of the iDstitation, which was read in part. He also presented 
exhibits of the finances, which were referred to the Executive Com- 
mittee. 

The Secretary stated that the annual accounts had been made up to 
the 15th of January, the date at which the semi-annual interest was 
received from the Treasury Department. 

Dr. Parker, from the Executive Committee, presented a preliminary 
report on the condition of the Smithson fund, and the receipts and 
expenditures for the past year, and stated that all the vouchers for pay- 
ments had been carefully examined by the committee, who would sub- 
mit a full report at the next meeting. 

The Secretary explained several features of tJie appropriations and 
expenditures of the year, the deposits made with the Corcoran Art 
Gallery, Army Museum, Department of Agriculture, &c. 

A statement of the circumstances attending a theft of $154.50 from 
the office of the Secretary of the Institution, was made by Prof. Henry, 
and, on motion of Mr. Sargent, it was 

Resolved, That the amount of the loss ($151.50) be charged in the 
account to " incidental expenses." 

The reading of the report of the Secretary was then resumed. ' 

At the suggestion of the Secretary, it was 

Resolved, That a commit^e, consisting of Professors Gray and 
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Copp6p, be aiipointed to examine aad report on the present condition 
of tlie museum, especially the ethnological department. 

The board then adjourned to meet on Saturday evening, Jannary 23, 
at 7 o'clock. 

WAsniKGTON, January 23, 1875. 

A meeting of the Board of Regents was held this day, at 7 o'clock 
p. m. 

Present, the Chancellor, Chief-Jastice Waite. Senators H. Hamlin, J. 
W. Stevenson, and A. A. Sargent ; Representatives S. S. Cos, E. E. 
no;ir, G. W. Hazaltou ; Hon. Peter Parker, Prof. Asa (iray. Prof. H. 
Oi»pp^, Hon. George Bancroft., and the Secretary, Professor Henry. 

The minutes of the last meeting were approved. 

Dr. Parker presented the annual report of the Executive Committee, 
which was read and, on motion of Mr. Hamlin, adopted. 

Dr. Gray, from the special committee to examine the museum, pre- 
sented the following report, which, on motion of Mr. Sargent, was ac- 
cepted and ordered to be printed in the proceedings of the board : 

EBPOET OP SPECIAI, OOMMITl'EB OIT THE MUSEUM. 

Your committee appointed to examine the museum has devoted as 
much time to the examination ns the members of it coald secure during 
the past two or three days, and would respectfully offer a few remarks 
uiK)n its condition. It is not supposed that any full or detailed report 
is expected. We will confine our observations to the ethnological 
museum, the only one we have fonnd time to inspect with any care. 

At the previous session of the board, about uine months ago, the 
large upper hall had barely been made ready to receive the ethnological 
and archieological collections, and a portion of the wall-cases only were 
in place. The progress that has been made in the interval is very grati- 
fying. The hall, although not filled, has been well supplied with glazed 
cases, for the most part excellent in plan and construction ; and the very 
large and varied collection of objects is arranged in them and dis- 
played to public view. There is still much to be done in perfecting *he 
the arrangement and the labeling, and there are recent accession^ to be 
added. But even now, it is a great pleasure to see how well cared for 
and how important this museum is, and how much it interests a numer- 
ous throng of visitors. In this respect it seems likely to be even 
more attractive than the museum of natural history underneath. It is 
only when an ethnological collection is brought together upon a com- 
prehensive scale, and ia well arranged upon some intelligible principle, 
that any one realizes its interest and importance. 

The arrangement which is, as we may say, technological rather than 
geographical, appears to be the one best adapted for such a museum — 
most useful to the serious student as well as most instructive and 
s to the general visitor. Objects of tlie same class or subservient 
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to the same purpose are brought together from whatever coBDtry, and 
of whatever age. Articles of dress, ornameot, or food, implements for 
their preparation, utensils for domestic nafi, netfi, weapons, and the lilte 
thus illustrate each other. 

AmoDg the special collections, newly put together, we were much in- 
terested in the very full one of the food, especially the vegetable food 
of the different tribes of the North American Indians ; la the collection 
of their cradles or analogous appliances for the care of infants ; in the 
collection of mnsical instruments, or what, was intended to answer the 
purpose of music ; and in the fine pottery of the Arizonian and other 
tribes. 

The museum is especially rich in stone implements of the North 
American contioeDt, mainly prehistoric; also in specimens of the sur- 
vival of the art of working stone weapons of the Qnest kind, in some of 
our native tribes. 

lu the further development of the museam it may be thought best to 
arrange the archaeological specimeus in a separate scries, but, as to 
America, it is not easy to draw a line between what is prehistoric, and 
what belongs essentially to the present era. 

A great number of duplicatos will soon be ready for exchange. Be- 
sides proper duplicates, freely available for exchange, there is, wherever 
the materials and the subject admit of it, a selected series carefully 
packed away in the lower part of the cases, or directly underneath the 
typical specimens or specimens selecte<l for exhibition. For public in- 
spection in very large museums it is now a recognized principle that 
the half is better than the whole ; that typical specimens, those thiit 
bestexemplify the leading forms or plans, should he exhibited iu prefer- 
ence to full series of gradations and modifications. But the serious in- 
vestigator needs all the forms, and this selected students' series, which 
is mostly out of sight, is carefully preserved for, and is accessible to, 
his use. 

A great deal of important ethnological matter has of late years been 
collected in the form of photographs, and it seems obviously important 
that such collections should be systematically made and preserved, is 
notonthe large scale, yet in the compact and effective form of stereo- 
scopic views. If the figures, the costumes, and the dwellings of our 
various tribes still remaining are not perpetuated in this way very 
promptly, much which is now easy to preserve will bo irreirievably lost 
to the future. 

In this connection we would suggest that it might be well to provide 
a series of figures characteristic of the races of men, and especially of 
the North American races and tribes. This would require considerable 
room for exhibition and a great deal of judgment as to the mode of 
getting up the material to be employed, and the extent to which this 
kind of illustration should be iutroduced. 

This museum is very rapidly increasing, and it is remarkable that the 
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accessioDS are made almost without peeuniary eost. Hardly auy have 
been pnrchased. They came trom scientific or cnrions explorers, wliom 
the Smitbsoniau lustitution is everywhere exciting aod furtheriug, and 
from Government expeditions commissioned mainly for other important 
objects; and the facilities in the way of transportation controlled by 
the Institution are such that even the cost of their delivery in "Wash- 
ington is trifling. 

It will be interesting to know to what extent the museums which 
the Smithsonian Institution has in charge areviBited by tbe public. 
The committee would suggest the use of a recording turnstile at the 
entrance, by which the number of visitors might be indicated and pre- 
served with very little trouble. 
Itespectfnlly submitted. 

ASA GEAT. 

HENKY COPPEB. 

Doctor Parker, in behalf of the Executive Committee, stated that th^ 
heating-apparatus now employed was found insufficient in extremely cold 
weather to warm the building, particularly the new ethnological hall, 
and suggested tbe propriety of asking Congress to appropriate $2,500 
to increase the means for heating the building. 

Mr. Bancroft remarked that this was not asking anything for the 
benefit of the Smithsonian Institution, but for tbe comfort of the people 
of the United States who come here to see the great collections of the 
Government, and who should certainly be provided with the means of 
doing this without the danger of taking cold. 

On motion of Mr. Bancroft it was — 

Resolved, That Congress be requested to make an appropriation of 
83,500 to increase the heating capacity of the apparatus used to warm 
the rooms occupied by the Government collections. 

The reading of the report of the Secretary was then continued. 
On motion of Mr. Cox, it was — 

Resolved, That the report of the Secretary be accepted and transmitted 
to Congress as usual. 

The board then adjourned sine die. 
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LAPLACE. 



EULOGY BY ARAGO BEFORE THE FEENCH ACADEMY. 



Translated by Pbof. Baden Powell. 



Having been appointed to draw up the report of a committee of the 
Chamber of Deputies, which was nominated in 1842, for the purpose of 
taking into consideration the expediency of a proposal submitted to the 
chamber by the minister of pnblic instruction, relative to the publica- 
tion of a new edition of the worlis of Laplace at the public expense, I 
deemed it to be my doty to embody in the report a concise analysis of 
the works of our illustrious countryman. Several persons, infiuenced, 
perhaps, by too indulgent a feeling toward me, having expressed a wish 
that this analysis shonld not remain bnried amid a heap of legislative 
documeuts, but that it should be published lu the Aanuaire du Bureaa 
des Longitudes, I took advantage of this circumstance to develop it 
more fully, so as to render it less unworthy of public attention. The 
scientific part of the report presented to the Chamber of Deputies will 
be found here entire. It has been considered desirable to suppress the 
remainder. I shall merely retain a few sentences containing an expla- 
nation of the object of the proposed law, and an announcement of the 
resolutions which were adopted by the three powers of the state. 

Laplace has endowed France, Europe, the scientific world, with three 
magnificent compositions, the Trait6 de M^canique Celeste, the Exposi- 
tion da Syst^me du Monde, and the Th^orie Analytiqne des Probabili- 
t4a. In t^e present day (1842] there is no longer to be found a single 
copy of this last work at any book-seller's establishment in Paris. The 
edition of the M^canique Celeste itself will soon be exhausted. It was 
painful, then, to reflect that the time was close at hand when persons 
engaged in the study of the higher mathematics would be compelled, 
for want of the original work, to inquire at Philadelphia, at New York, 
or at Boston for the English translation of the ch^ Scewe of our coun- 
tryman by the excellent geometer, Bowditch. These fears, let us hasten 
to state, were not well founded. To republish the M^canique Celeste 
was, on the part of the family of the illustrious geometer, to perform a 
pious duty. Accordingly, Madame de Laplace, who is so justly, so pro* 
foundly attentive to every circumstance calculated to enhauce the re- 



Co Ogle 



130 LAPLACE. 

nofcn of the iiame whicb sbe bears, did not hesitate about pecDuiaiy 
couKi deration 8. A email property uear PoDt I'EvSqae \ra3 about to 
cbaiige hands, and tbe proceeds were to have been applied so tbat 
Frencbmen sbould not be deprived of the satisfaction of exploring the 
treasures of theM^canique Celeste tbroogh the medium of tbeveiDacu- 
Inr tongue. 

*' The republication of tbo complete works of Laplace rested upon an 
equally sure guarantee. Yielding at once to filial affection, to a noble 
feeling of patriotism, and to tbe enthusiasm for brilliant discoveries 
which a course of severe study inspired, General I;aptace bad long since 
qualified himself for becoming tbe editor of tbe seven volumes wbich 
are destined to immortalize his father. 

" There are glorious achievements of a character too elevated, of a 
luster too splendid, that they should continue to exist as objects of pri- 
vate property. Upon the state devolves tbe duty of preserving them 
from iudifTerence and oblivion, of continually holding them up to atten- 
tion, of diffusing a knowledge of them through a thousand channels j 
in a word, of rendering them subservient to tbe public interests. 

" Doubtless the minister of public instruction was influenced by these 
considerations when, upon tbe occasion of a new edition of the works of 
Laplace having become necessary, be demanded of you to substitute tbe 
great French family for the personal family of tbe illustrious geometer. 
We give our full and unreserved adhesion to this proposition. It springs 
from a feeling of patriotism, which will not be gainsaid by any one in 
this assembly." 

In fact, the Chamber of Deputies had only to examine and solve this 
single question : "Are the works of Laplace of such tiansceudent, such 
exceptional merit that their republication ought to form the subject of 
deliberation of the great powers of the state 1 An opinion prevailed 
tbat it was not enough merely to appeal to public notORiety, but that it 
was necessary to give au exact analysis of the brilliant discoveries of 
Laplace in order to exhibit more fully the importance of the resolution 
about to be adopted. Who could hereafter propose on any similar occa- 
sion that tbe chamber sbould declare itself without discussion wlien a 
desire was felt, previous to voting in favor of a resolution so honorable 
to the memoryof a great man, to fathom, to measure, to examine mi- 
nutely and from every point of view monuments such as tbe M^eanique 
Celeste and the ExpositioD du Systfeme du Monde t It has appeared to 
mo that tbe report drawn up in the name of a committee of one of the 
three great powers of the state might worthily close this series of bio- 
graphical notices of eminent astronomers."* 

Tbe Marquis de Laplace, peer of France, one of the forty of tbe Fn'nch 
Academy, member of the Academy of Sciences and of the Bureau des 
Longitudes, an associate of all the great academies or scientific societies 

* Tbo anihoT hero refers to the aeTiOB of biographies contained In tome III of tha Notices 
Uiogiaphiques. — Tr aksl atob . 
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of Earope, was bora at Beaumonten-Aoge, of parents belongiDg to the 
class of small farmers, on the 28th day of March, 1749. He died on the 
5th of March, 1827. 

The first and second volnmes of the M^canique Celeste were pub- 
lished in 1799; the third volnme appeared in 1802 ; the fourth volume 
in 1805. As regards the fifth volume, books XI and XII were pub- 
lished in 1823 ; books Xtll, XIV, and XV in 1824, and book XVI in 
1825. The Th^orie des Probabilit^s was published in 1812. We shall 
now present the reader witli the history of the principal astronomical 
discoveries contained in these immortal works. 

Astronomy is the science of which the human mind may most justly 
boast. It owes this indisputable pre-eminence to the elevated nature of 
its object, to the grandeurof its means of investigation, to the certainty, 
the ntitity, and the unparalleled magnificence of its results. 

From the earliest period of the social existence of mankind, the study 
of the movements of the heavenly bodies has attracted the attention of 
governments and peoples. To several great captains, illustrious states- 
men, philosophers, and eminent orators of Greece and Borne it formed 
a subject of delight. Yet, let us be permitted to state, astronomy trniy 
worthy of the name is quite a modern science. It dates .only from the 
sixteenth century. Three great, three brilliant phases have marked its 
progress. In 1543, Copernicus overthrew, with a firm and bold hand, 
the greater part of the antique and venerable scaffolding with which 
the illusions of the senses and the pride of successive generations had 
filled the universe. The earth ceased to be the center, the pivot of the 
celestial movements. It henceforward modestly ranged itself among 
the planets; its material importance, amid the totality of the bodies of 
which our solar system is composed, found itself reduced almost to that 
of a grain of sand. 

Twenty-eight years. had elapsed from the day when the Canon of 
Thorn expired, while holding in his faltering hands the first copy of the 
work which was to diffuse so bright and pure a flood of glory upon 
Poland, when Wilrtemberg witnessed the birth of a man who was des- 
tined to achieve a revolution in science not less fertile in consequences, 
and still more diflBeuIt of execution. This man was Kepler. Endowed 
with two qualities which seemed incompatible with each other, a vol- 
ciinic imagination and a pertinacity of intellect which the most tedious 
nnmerical calcniations could not daunt, Kepler conjectured that the 
movements of the celestial bodies must be connected together by simple 
laws, or, to use his own expression, by harmonic laws. These laws he 
undertook to discover. A thousand fruitless attempts, errors of calcu- 
lation inseparable from a colossal undertaking, did not prevent him a 
single instant from a<lvanciug resolutely toward the goal of which he 
imagined he had obtained a glimpse. Twenty-two years were employed 
by him in this investigation, and still he was not weary of it ! What, 
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iu reality, are twenty-two years of laVwr to him who is ahout to become 
the legislator of worlds; who shall inscribe his name in ineffaceable 
oharaoters apon the &oiitispiece of au immortal code; who shall be 
able to exclaim in dithyrambic language, and without incarring the 
reproach of any one, '* The die is cast ; I have written my book ; it will 
be read either in the present age or by posterity, it matters not which ; 
it may well await a reader, since God has waited six thousand years for 
ao interpreter of his works!"" To investigate a physical cause cupabls 
of making the planets revolve in closed curves ; to place the priociple 
of the stability of the universe in mechanical forces, and not in solid 
supports, such as the spheres of crystal which our ancestors had dreamed 
of; to extend to the revolutions of the heavenly bodies the general 
principles of the mechanics of terrestrial bodies, sacb were the ques- 
tions which remained to be solved after Kepler had announced his dis- 
coveries to the world. 

Very distinct traces of these great problems are perceived here and 
there among the ancients as well as the moderns, from Lucretius and 
Plutarch down to Kepler, Bouillaud, and Borelii. It is to Kewton, 
however, that we must award the merit of their solution. This great 
man, like several of his predecessors, conceived the celestial bodies to 
have a tendency to approach toward each other in virtue of an attract- 
ive force, deduced the mathematical characteristics of this force from 
the laws of Kepler, extended it to all the material molecules of the solar 
system, and developed his brilliant discovery in a work which, even in 
the present day, is regarded as the most eminent production of the 
hnman intellect. 

The heart aches when, studying the history of the sciences, we per- 
ceive 80 magnificent an intellectual movement effected without the 
co-operation of France. Practical astronomy increased our inferiority 
The means of investigation were at first inconsiderately intrusted to 
foreigners, to the prqudice of Frenchmen abounding in intelligence and 
zeal. Subsequently intellects of a superior order struggled with courage, 
but in vain, against the unskillfnlness of onr artists. During this period 
Bradley, more fortunate, on the other side of the Channel, immortalized 
himself by the discovery of aberration and nutation. 

The contribution of France to these admirable revolutions in astro- 
nomical science consisted, in 1740, of the experimental determination of 

' These celebrated laws, known in aatrouomy aa the laws of Kepler, are three in numbeT. 
The firit law ij, that the planets descrEbe ellipses around the sun in their common trmas ; 
the second, Chat a line joining Che planet and the sua sweeps over equal areas in equal times; 
the third, that the squares of the periodic times of the planets are proportional to the cuImb 
of their mean distances from the snn. The GrsC two laws were discoTered b; Kepler in ihe 
conrse of a laborious examination of the Iheory of the planet Mars : a full account of tbis 
inquiry is cout^ned in his famous worlc De SCella Maitis, published in 1609. Tbe discovery 
of the third law was not efiecCed until several years aflerward. Kepler annonnced it to the 
world in his treatise on Harmonics, (162tj.'l The passage quoted below is extracted &om 
that work. — Translator. 
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tiie spheroidal flgare of the earth, and of the discovery of the variation 
of gravity opoii the snrfuce of our planet. These were two great results ; 
onr country, however, had s right to demand more : when France is not 
iu the first rank she has lost her place.* 

This rank, which was lost for a moment, was hrilliantly regained, an 
achievement for which we are indebted to fonr geometers. When 
Newton, giving to bis discoveries a generality which the laws of Kepler 
did not imply, imagined that the different planets were not only at- 
tracted by the snn, but that they also attract each other, he introdnced 
into the heavens a canse of universal disturljance. Astronomers could 
then see at the first glance that iu no part of the universe, whether near 
m distant, woald the Keplerian iawu snffioe for the exact representation 
of the phenomena ; that the simple, regular movements with which the 
imaginations of the ancients were pleased to endue the heavenly bodies 
wonld experience numerous, considerable, perpetually changing pertur- 
bations. 

To discover several of these perturbations, to assign their nature, and 
in a few rare cases their numerical values, such was the object which 
Newton proposed to himself in writing the Friucipia Mathematica Plil- 
losophiie Naturalis. 

Kotwitbstanding the incomparable sagacity of its author, the Friu- 
cipia contained merely a rough outline of the planetary perturbations. 
If this sublime sketch did not become a complete portrait, we must not 
attribute the circumstance to any want of ardor or perseverance j the 
efforts of the great philosopher were always superhuman ; the questions 
which he did not solve were incapable of solntioD iu his time. When 
the malhematiciaDS of the Continent entered upon the same career, 
when they wished to establish the Newtonian system upon an incon- 
trovertible basis, and to improve the tables of astronomy, they actually 
found in their way difficulties which the genius of Newton had failed to 
surmount. 

Five geometers, Clairant, Enter, D'Alembert, Lagrange, and Laplace, 
shared lietweea tbem the world of which Newton had disclosed the 
existence. They explored it in all directions, penetrated into regions 
which bad been snpposed inaccessible, pointed out there a multitude of 

* Tbe spberoidal figure of the eaitb was established hy tbe comparison of an ore of the 
meridian tbat had been meiLsured, ia France, with a, similar aro measured in LeplaDd, fmn 
nbich it appeared that tbe length of a degree of the meridian lncrea8i<B from the equator 
toward the poles, 'cooformablj to what ought lo result upon tbe BnppoBilton of the earth 
having the figure of an oblate Bpheroid. The length of the Lapland arc was delermined 
J>y means of an eipedUion which the French government had dispatched to the nortli of 
Enrope for that purpose. A similar expedition had been dispatcLed from France about the 
same time to Peru, in South America, for the purpose of measuring- an arc of the meridian 
under the eqoator, but the results bad not been ascertained at the time to which tbe author 
allQdes in the text. Tbe variation of gravity at the surface of the earth was established by 
Bicher's experiments with the pendnlum at Cajenne, in Sonth America, (1673-74.) from 
which it appeared that tbe pendulum oscillates more slowly, and conseqnentl; the force of 
gravity is less intense, under the equator than iu the hitltude of Paris. — Trahslatok. 
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phenomena which observation had not yet detected — ^finally — and it is 
this which constitntes their imperishable glory — tbey reduced ander 
the domain of a single principle, a single law, everything that was most 
refined and mysterious in the celestial movements. Geometry had thaa 
the boldness to dispose of the fotnre. The evointions of ages are 
scrupulonsly ratifying the decisions of science. 

We shall not occupy onr attention with the magniflceiit labors of 
Enler. We shall, on the contrary, present the reader with a rapid 
analysis of the discoveries of his four rivals, our countrymen." If a 
celestial body — the moon, for example — gravitated solely toward the 
center of the earth, it would describe a mathematical ellipse. It would 
strictly obey the laws of Kepler, or, which is the same thing, the 
principles of mechanics expounded by Newton in the first sections of 
his immortal work. 

Let us DOW consider the action of a second force. I^t us take into 
account the attraction which the sun exercises upon the moon. In otbei 
words, instead of two bodies, let us suppose three to operate on each 
other. The Keplerian ellipse will now furnish merely a rongh indicatioa 
of the motion of onr satellite. In some parts the -attraction of the sun 
will tend to enlarge the orbit, and will iu reality do so. In other parts, 
the effect will be the reverse of this. In a word, by the introduction of 
a third attractive body, the greatest complication will succeed to a simple, 
regular movement upon which the-mind reposed with complacency, 

If Newton gave a complete solution of the question of the celestial 
movements in the case wherein two bodies attract each other, he did 
not even attempt au analytical investigation of the infinitely more 
difficult problem of three bodies. The problem of three bodies, (this ia 
the name by which it has become celebrated,) the problem for deter- 
mining the movement of a body subjected to the attractive influence of 
two other bodies, was solved for the first time by onr countryman 
Clairaut.f From this solution we may date the important improve- 
ments of the lunar tables eflfected in the last century. 

The most beautiful astronomical discovery of antiquity is that of the 
precessiou of the equinoxes. Hipparchus, to whom the honor of it is 
due, gave a complete and precise statement of all the consequences 

* It may, perhaps, be asked why we place Lagrango among the French geometers. Thia 
is oar reply : It appears to us Chat the individual who was named Lagrange Toumier — two 
of the mast characteristic French names which it ia possible to imagine — whose maternal grand- 
falher was M. Gros, whose paternal great grandfather was a French officer, a native of Paris, 
who never wrote except in French, and who was investeil in our country with high honora 
during a period of nearly thirty years, oDghttoberegardedasaFrenchman, stthoaghbomat 
Turin . — Author . 

tThe problem of three bodies was solTed independently about the same time byEuler, 
D'Alembert, and Clairaut. The two last-mentioned geometers communicBted (heir solutions 
to the Academy of Sciences on the same day — November 15, 1747. Euler had already, in 
. 1746, publi*ihed tables of the moon, founded on his solution of the same problem, the detwls 
of which li subseiiuently published, in 1753.— Teunslator. 
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which flow from this movemeot. Two of these have more eepecially 
attracted attention. 

B; reason of the precession of the equinoxes, it is not always the same 
groups of stars, the same constellations, which are perceived in the 
heavens at the same season of the year. In the lapse of ages the con- 
stellations of winter will become those of sumiuer, and reciprocally. 

By' reason of the precession of the equinoxes, the pole doesnot always 
occupy the same place in the starrj' vault. The moderately bright star 
which is very justly named in the present day the pole star, was far 
removed fkim the pole in the time of Hipparchus ; in the course of a 
few centuries it will again appear removed from it. The designation 
of pole-star has been and will be applied to stars very distant from 
each other. 

When the inquirer, in attempting to explain natural phenomena, has 
the misfortnue to eater upon a wrong patb, each precise observation 
throws him into new complications. Seven spheres of crystal did not 
snfBce for representing the phenomena as soon as tho illustrious astron- 
omer of Rhodes discovered precession. An eighth sphere was then 
wanted to account for a movement in which all the stars participated 
at the same time. 

Copernicus having deprived the earth of its alleged immobility, gave 
a very simple explanation of the most minute circumstances of preces- 
sion. He supposed that the axis of rotation does not remain exactly 
parallel to itself; that in the course of each complete revolution of tLe 
earth around the sun the axis deviates from its position by a small 
quantity ; in a word, instead of supposing the circumpolar stars to ad- 
vance in a certain way toward the pole, he makes the pole advance 
toward the stars. This hypothesis divested the mechanism of the 
universe of the greatest complication which the love of theorizing had 
introduced into it. A new Alphonse would have then wanted a pre- 
text to address to his astronomical synod the profound remark, so 
erroneously interpreted, which history ascribes to tho King of Castile. 

If the conception of Copernicus improved by Kepler had, as we have 
just seen, introduced a striking improvement into the mechanism of the 
heavens, it still remained to discover the motive force which, by alter- 
ing the position of the terrestrial axis during each successive year, 
would cause it to describe an entire circle, of nearly 50° in diameter, in 
a [leriod of about 26,000 years. 

Newton conjectured that this force arose from the action of the sun 
and moon upon the redundant matter accumulated iu the equatorial 
regions of the earth; thus he made the precession of the equinoxes 
depend upon the spheroidal figure of the earth ; he declared that upon 
a round planet no precession would exist. 

All this was quite true, but Newton did not succeed in establishing it 
by a mathematical process. Ifow this great man bad introduced into 
philosophy the severe and Just rule: Consider as certain only what has 
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been demonstrated. The deinoostratioD of the Newtooian conception 
of the precession of the equinoxes was, then, a great discovery, and it 
is to D'Alembert that the glory of it is due.* The iUustrioua geometer 
gave a complete explaoation of the general movement in virtue of 
which the terrestrial axis returns to the same stars in a period of about 
2G,000 years. He also connected with the theory of gravitation the 
perturbation of precession discovered by Bradley, that remarkable 
oscillation which the earth's axis experiences continually daring its 
movement of progression, and the period of which, amounting to about 
eighteen years, is exactly equal to the time which the intersection of the 
moon's orbit with the ecliptic employs in describing the 36tP of the 
entire circnmference. 

Geometers and astronomers are jnstly occupied as much with the 
figure and physical constitution which the earth might have had in 
remote ages as with its present figure and constitution. 

As soon as onr countryman Bicber discovered that a body, whatever 
be its nature, weighs less when ic is transported nearer the equatorial 
regions, everybody perceived that the earth, if it was originally floid, 
ought to bulge out at the equator. Huyghens and N'ewton did more ; 
they calculated the difference between the greatest and least axes, the 
excess of the equatorial diameter over tbe line of the poles.t 

Tbe calculation of Hoyghens was founded upon hypothetic properties 
of the attractive force whicb were wholly inadmissible ; that of Newton 
upon a theorem which he ought to have demonstrated. The theory of 

* It maBt be ttdoiitted tbat M. Araj^ has here imperfectlj represeated Newton's labora 
on tbe great problein of the precession of the eqainoiea. The immortal author of the 
Piinuipia did not merely conjecture that the conical motion of the earth's axis is due to tbe 
distarbing action of the aan and moon npon the matter accumulated aronnd tbe earth's 
equator ; ho demonstruted by a very beautiful and satislactorf process that tbe movement 
must necessarily arise from that cause ; and although the means of iuvestigatioD, in his 
time, were ioadeqnate to a ligoroos computation of the quantitative effect, still bis rcseitrcbcs 
on the subject have been always r^arded as affording one of the most striking proofs of 
sagacitj which is to be found in all hia works. — Translator, 

t It would appear that Hooke had coi^ectured that the figure of tbe earth might be spher- 
oidal before Mew ton or Huyghens turned their attention to the subject. At a meeting of the 
Koyal Society ou the 39tb of Fehmary, 1S76, a discn^siou arose respecting the figure of Mer- 
cury, which H. Gallet, of Avignon, had remarked to he oval on the occasion of the planet's 
transit across tbe son's disk oq the Ttb of November, 1677. Hooke was inclined to suppose 
that the pbenoinenon was real, and that it was due to the whirling of tbe planet on an axis 
" which made it somewhat of the shape of a turnip, or oF a solid made by an ellipsis tamed 
round upon its shorter diameter."" At tbo meeting of tbe society ou the 7tb of March, the 
subject was again discussed. In reply to theobjection offered to hia hypolbeals on tbe groucd 
of the planet being a solid body, Hooke remarked that " althongh it might now be solid, yet 
that at the beginuing it might have been fiuid enough to receive that shape ; and that al- 
though this supposition should not be granted, it would be probable enoufrb that it would 
really ran into that shape and make the same appearance ; and that it is not improbabte but 
that the water here upon the earth might do it In some measure by tbe ioflueoce of tbe diur- 
nal motion, which, compounded with that of the moon, he conceived to be the cause of tbe 
tidea." (Jonrual Book of tbe Bojal Sodety^vol. vi, p. GO.) Bicber returned from Cayenne 
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the latter was characterized by a defect of a Still more serious natm-e; it 
supposed the density of the earth, dnriog the origiual state of fluidity, 
to be bomogeneoas.* 

Wbeu iu attempting the solution of great problems we bave recourse 
to such simplifications; when in order to elnde difflcultiesof calculation 
we depart so widely from natural and physical conditions, the results 
relate to an ideal world, they «re in reality nothing more than Sights of 
the imnginatioD. Id order to apply mathematical analysis usefully to 
the determination of the figure of the earth, it Was necessary to aban- 
don all idea of homogeneity, all constrained resemblance between the 
forms of the snperposed and unequally dense strata ; it was necessary 
also to examine the case of a central solid nucleus. This generality in- 
creased tenfold the difficulties of the problem ; neither Clairaut nor 
D'Alembert was, however, arrested by them. Thanks U> the efforts of 
these two eminent geometers, thanks to some easentinl developments 
due to their irdmediate successors, and especially to the illustrious Le- 
gendre, the theoretical determination of the figure of the earth has 
attained all desirable perfection. There now reigns tlie most satisfao- 
tory accordance between the results of calculation and those of direct 
measurement. Tlie earth, then, was originally fluid ; analysis has 
enabled us to ascend to the earliest ages of our plauet-t 

In the time of Alexander, comets were supposed by the mtyority of 
the Greek pliilosophors te be merely meteors generated in our atmos- 
phere. Baring theMiddle Ages, persons, withoutgivingthemselvesmuch 
concern about the nature of those bodies, supposed them to prognosti- 

iu the f eai 1674, but the ttccouat of his obserratioaB with the peadulam during hi? residence 
there was not pabliahed until 1679, nor is there to be found any allusion to them. during the 
intermediate interval, either iu the volumes of the Academy of Sciences or any other pub- 
lication. We hare no ineanB of ascertaining how Newton was first induced to suppose that 
the fignre of the earth is spheroidal, but we know, upon his own authority, that as early as 
the year 1667 or 1666, he was led to consider the effects of the centrifugal farce iu diminisli- 
ing the weight of bodies at the equator. With respect to Huyghens, he appears (o have 
formed a conjecture respecting the spheroidal figure of the earth independently of Newton ; 
bnt hia method for computing the ellipUcity is founded npon that given in the Principia. — 
Trashlator. 

* Newtun assumed that a homogeneous fluid mase of fk spheroidal form would be in 
equilibrium if it were endued with on adequate rotatory motion and its constituent par- 
ticles attracted each other in the inverse proportion of the square of the distance. Maclaurin 
first demonstrali^d the truth of this theorem by a rigorous application of the ancient geome* 
try. — Tb A N SL ATO R . 

t The results of Clairaut's researches on the figure of the earth are mainly embodied in a 
remarkable theorem discovered by that geometer, and which may be enunciated thus : The 
sum of the fractions expreaslng the clliplicity and the increase of gravity at Che pole is 
equal to two and a half times the fraction eipresaing the centrifugal force at the equator, 
the unit of force being represented by the force of gravity at the equator. This theorem is 
independent of any hypothesis with respect lo the law of the densities of the aueceasive 
strata of the earth. Now the iucrease of gravity at Hie pole may he ascertrined by means 
of oheervations with the pendulum iu different latitudes. Hence it is plain that Ciairaut's 
theorem furnishes a practical method for determining tbe valno of the earth's ellipticity. — 
Translator, 
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cate sinister cveats. Begiomoutanns and Tycho ]irab4 proved by their 
obaerviitioDS that they are situate beyond the moon ; Hovetius, Dorfel. 
&G., made thein revolve around the sun; Newton established that they 
move under the immediate iuflnence of the attractive force of that body; 
that they do not describe right lines ; that, in fact, they obey the laws of 
Kepler. It was necessary, then, to prove that the orbits of comets are 
carves which return into themselves, or that the same comet has been 
seen on several distinct occasions. This discovery was reserved for 
Halley ; by a minute investigation of the circumstances connected with 
the apparitions of all the comets to be met with in the records of history, 
in ancient chronicles, and in astronomical annals, this eminent philoso- 
pher was enabled to prove that the comets of 1682, of 1607, and of 1531 
were in reality bo many successive apparitions of one and the same body. 

This identity involved a conclusion before wbicb more than one as- 
tronomer shrank. It wasnecessarytoadmitthattbe time of a complete 
revolution of the comet was subject to a gn^at variation, amounting to 
as mnch as two years in seventy-sis. 

Were such great discordances due to the disturbing action of the plan- 
ets T 

The answer to this question would introduce comets into the category 
of ordinary planets, or would exclude tbem forever. The calculation 
wasdifficult; Glairaut discovered the means of effectingit. Whilo success 
was still uncertain, the illnstrions geometer gave proof of the greatest 
boldness, for, in the course of the year 1753, he undertook to determine 
tiie time of tbe following year when the comet of 1682 would reappear. 
He designated the constellations, nay, tbo stars, which it would encoun- 
ter in its progress. 

This was not one of those remote predictions which astrologers and 
others formerly combined very skillfully with the tables of inoriiility, so 
that they might not be falsified during their life-time : the event was 
close at hand. The question at issue was nothing less than the creation 
of a new era in cometary astronomy, or the casting of a reproach upon 
science, tbe consequences of which itwould long continue to feel. 

Glairaut found by a long process of calculation, conducte'd with great 
skill, that the action of Jupiter and Saturn ought to have retarded the 
movement of the comet ; that the time of revolution, compared with that 
immediately preceding, would be increased 518 days by the disturbing 
action of Jupiter, and 100 days by the action of Saturn, forming a total 
of 618 days, or more than a year and eight months. 

Never did a question of astronomy excite a more intense, a more legit- 
imate curiosity. All classes of society awaited with equal interest the 
announced apparition. A Saxon peasant, Palitzch, first perceived the 
comet Henceforward, irom one extremity of Europe to the other, a 
thousand telescopes traced each night the path of the body through the 
constellations. The route was always, within the limits of precision of 
the calculations, that which Glairaut had indicated beforehand. The 
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prediction of the iliostrions geometer was verified, in regard both to time 
aod space. Astronomy liadjustaebievedagreataud important triamph, 
and, as usnal, had destroyed at one blow a disgracefnl and inveterate pre- 
judice. As sooD as it was estabtislied that the returns of comets might 
be calculated beforehand, those bodies lost forever their ancient prestige. 
The most timid minds troubled themselves quite as little abont them as 
about eclipses of the sun and moon, which are equally subject to calcu- 
lation. In fine, the labors of Clairaat had produced a deeper impres- 
sion on the pablic mind than the learned, ingenious, and acute reasoning 
of Bayle. The heavens offer to reflecting minds nothing more curious 
or more strange than the equality which subsists between the movements 
of rotation and revolution of our satellite. By reason of this perfect 
equality the moon always presents the same side to the earth. The hem- 
isphere which we see in the present day is precisely that which our .an- 
cestors saw in the most remote ages ; it is exactly the hemisphere whicb 
future generations will perceive. 

The doctrine of final canses which certain philosophers have so abun- 
dantly made nse of in endeavoring to acconnt for a great number of 
natural phenomena was iu this particolar case totally inapplicable. In 
&ct, how could it be pretended that mankind could have any interest in 
perceiving incessantly the same hemisphere of the moon, in never ob- 
taining a glimpse of the opposite hemisphere 1 On the other hand, the 
existence of a perfect, mathematical equality between elements having 
no necessary connection — such as the movementfi of translation and ro- 
tation of a given celestial body — was not less repugnant to all ideas of 
probability. There were, besides, twoother namerical coincidences qnite 
as extraordinary : au identity of direction, relative to the stars, of the 
equator and orbit of the moon; exactly the same precessional movements 
of these two planes. This group of singalar phenomena, discovered by 
J. D. Gasaini, constituted the mathematical code of what is called the 
libration of the moon. The libration of the moon formed a very imper- 
fect partof i)by8ical astronomy when L^range made it depend on a cir- 
cumstance connected with the fignre of our' satellite which was not 
observable from the earth, and thereby connected it completely with the 
principles of universal gravitation. 

At the time when the moon was converted into a solid body, the ac- 
tion of the earth compelled it to assume a less regular figure thau if no 
attracting body had been situated in its vicinity. The action of our 
globe rendered elliptical an equator which otherwise would have been 
drcalar. This distarbing action did not prevent the lunar equator from 
bulging out in every direction, but the prominence of the equatorial 
diameter directed toward the earth became four times greater than that 
of the diameter which we see perpendicularly. 

The moon would appear then, to an observer situate in space and ex- 
amining it transversely, to be elongated toward the earth, to be a sort of 
pendulum without a point of suspension. When a pendulum deviates 
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from the vertical, the actiOQ of gravity brings it back ; wlien the princi- 
pal axis of the moon recedes from its usaal directioo, the earth in 
like maaner compels it to retnrii. 

We have here, then, a complete explanation of a singular pbenome- 
non, without the necessity of having reconrse to the existence of an al- 
most miraculous equality between two movements of translation and 
rotation, entirely independent of eacb other. Mankind will never see 
but one face of the moon. Observation had informed us of this fact; 
now we know further that this is doe to a physical cause which may be 
calcQlated, and which is visible only to the mind's eye ; that it is attrib- 
utable to the elongation which the diameter of the moon esperienced 
when it passed from the liquid to the solid state aoder tbe attractive 
in&uence of the earth. 

If there had existed originally a slight difference between tbe move' 
ments of rotation and revolution of the moon, the attraction of the earth 
would have reduced these movements to a rigorous equality. This at- 
traction would have even sufficed to cause the disappearance of a slight 
want of coincidence in the intersections of the equator and orbit of tbe 
moon with the plane of the ecliptic. 

The memoir in which Lagrange has so snccessfully connected the laws 
of libration with the principles of gravitation, is no less remarkable for 
intrinsic excellence than style of execution. After having perused this 
production, the reader will have no difficnlty in admitting that the word 
"elegance" may be appropriately applied to mathematical researches. 

In this analysis we have merely glanced at the astronomical discov- 
eries of Clairaut, B'Alembert, and Lagrange. We shall be somewhat 
less concise in noticing the labors of I;aplace. 

After having enumerated the various forces which must result from 
the mutual action of the planets and satellites of our system, even the 
great Newton did not venture to investigate the general nature of the 
effects produced by tbem. In the midst of the labyrinth formed by in- 
creases and diminutions of velocity, variations in the forms of the 
orbits, changes of distances and inclinations, which these forces must 
evidently produce, the most learnetl geometer would fail to discover a 
trustworthy guide. This extreme complication gave birth to a dis- 
couraging reflection. Forces so numerous, so variable in position, so 
different in intensity, seemed to be incapable of maintaining a condition 
of equilibrium except by a sort of miraele. Kewton even went so far as 
to suppose that the planetarj' system did not contain within itself the 
elements of iudeflnite stability ; be was of opinion that a powerful hand 
mast intervene from time to time to repair the derangements occasioned 
by the mutual action of the various bodies. Ealer, although farther 
advanced than Kewtou in a knowledge of tbe planetary perturbations, 
refused also to admit that the solar system was constituted so as to 
endure forever. Never did a greater philosophical question ofter itself 
to the inquiries of mankind. Laplace attacked it with boldness, perse- 
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verftEce, and success. The profound and loug-coDtinued researches of 
the illustrious geometer established with complete evidence that the 
planetai}' ellipses are perpetually variable ; that the extremities of their 
major axes make the tour of the heavens ; that, iudependeutly of an 
oscillatory motion, the planes of their orbits experience a displacement 
in virtue of which their intersections witli the plane of the terrestrial 
orbit are each jear directed toward different stars. In the midst of 
this apparent chaos there is one element wblcb remains constant, or is 
merely subject to small periodic cbauges, namely, the major axis of each 
orbit, and consequently the time of revolution of each plauet. This is 
tbe element which ought to have chiefly varied according to the learned 
speculations of Newton and Euler. 

Tbe principle of universal gravitation sutQces for preserving tbe 
stability of the solar system. It maintains tbe forms and inclinations 
of the orbits in a mean condition which is Subject to slight oscillations ; 
variety does not entail disorder ; the universe offers tbe example of 
harmonious relations, of a state of perfection which Kewton himself 
doubted. This depends on circumstances which calculation disclosed 
to Laplace, and which, upon a superficial view of the subject, would 
not seem to be capable of exercising so great an influence. Instead of 
planets revolving all in the same direction, in islightly eccentric orbits, 
and in planes inclined at small angles toward each other, substitute 
different conditione, and the stability of tbe universe will again be put 
iu jeopardy, and, according to all probability, there will result a fright- 
ful chaos.* 



* Tbe reaeaicbea dd the wioulnr variatians of the eccantridlins nod iDclinalionJi of Iha 
planettiry orbits depend apon the aolation of sn algebiuc equation equal ia degree to Ibe 
nnmber of planets wbose mntual action is coDsidered, and the co-efficienta of which iavolve 
tbe values of the masses of those bodies. It ma; be shown tbat if the roots of this equa- 
tion be equal or imaginaij, tbe correspoading eleoieDt, whelber the eccentricity or the in- 
clination, will increase indefinitely with the time in the case of each planet ; but that if tbe 
roots, on the otber band, be real and nneqaal, the value of the eleoient will oscillate in 
every instance within fixed limits. Laplace prove<t by a g^eneral analysis that tbe roots of 
tbe equation are real and unequal ; wbence it followed tbat neither the eccentricity nor tbe 
inclination will vaiy in any cMe to an indefiaile extent. But it still remaioed uncertain 
vbether the limits of oacillalion were not in any instance so for apart that tbe variation of 
the element (whether the eccentricity or the inclinalion) might lead to a complete destruc- 
tion of tbe existing physical condition of tbe planet. Laplace, indeed, attempted to prove, 
by means of two well-hnown theorems relative to the eccentricities and inclinations of the 
planetary orbits, that if those elements were once small they would always remain so, pro- 
vided the planets all revolved around the sun in one common direction, and tbeir masses 
irere inconsiderable. It is to these theorems that U. Arago manifestly alludes in tbe text. 
Le Verrier and others have, however, remarked tbat they are inadequate to assure tbe per- 
manence of the existing physical condition of several of the planets. In order to arrive at 
a definite conclusion on this subject, it is indispensable lo have recourse to the actual solu- 
tion of the algebraic qnestion above reterred to. This was the course adopted by the illus- 
trious Lagrange in bis researches on tbe secular variations of the planetary orbits. (Mem. 
Acad. Berlin, 1783-'64.) Having investigated the values of tbe masses of the planets, he 
then determined, by an approximata solution, the values of the several roots of the algebraic 
equation upon which tbe variations of tbe eccentricities and inclinations <f the orbits de- 
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Altbongli the invariability of tbe lueao distances of tbe planetaiy 
orbits bas been more completely demonstrated since the appearance of 
the memoir above referred to, tbat ia to say, by pnsbing tbe analytical 
approsimatioDS to a greater extent, it will, notwithstanding, always 
constitute one of the admirable diiMK>verie8 of the author of the M^ca- 
nique Celeste. Dates, in tbe case of saoh sabjects, are no luxury of eru- 
dition. The memoir in which Laplace communicated bis results on tbe 
invariability of the mean motions or mean distances is dated 1773." It 
was in 1TS4 only that be established the stability of tbe other elements 
of the system from the smallness of the planetary masses, the incon- 
siderable eccentricity of the orbits, and the revolution of the planets 
in one common direction aroaud the sun. 

Tbe discovery of which I have jnst given an acconnt to tbe reader 
excluded, at least from the solar system, the idea of .the Newtonian 
attraction being a cause of disorder ; but might not other forces, by 
combining with attraction, produce gradually-increasing pertnrbations, 
as Newton and Euler dreaded! Facts of a positive nature seemed to 
justify these fears. 

A comparison of ancient with modem observations revealed the ex- 
istence of a continued acceleration of tbe mean motions of the moon 
and the planet Jupiter, and an equally striking diminution of the mean 
motion of Saturn. These variations led to conclusions of tbe most 
singular uature. 

In accordance with the presumed cause of these perturbations, to say 
that the velocity-of ft bodyincreased from century to century, was equiv- 
alent to asserting tbat tbe body continually approached the center of 
motion. On the other hand, when tbe velocity diminished tbe body 
must be receding from the center. 

Thus, by a strange arrangement of uature, our planetary system 
seemed destined to lose Saturn, its most mysterious ornament, to see 
tbe planet, accompanied by its ring and seven satellites, plunge gradually 

pended. Id Ihis waj be fouad the limitiai; values of tbe eccentricity and iDclination for 
the Dibit of aacb of the principal plaaets of tbe sjatem. Tbe reaulta obt^oed b7 that great 
geometer have been majnlf contiiiiied b; the receat leseaicbes of Le Verrier on the game 
subject. (Connaisaaoce des Temps, 1843.)— TRANSLATOR. 

* Laplace was originallj led to consider the subject of tbe perturbatioos of tbe mean mo- 
tioua of llioplanetabj his reaearcheson the tbeorj of Jupiter and Saturn. Having computed 
tbe numerical value of the secular inequality affecting the mean motion of each of thoao 
plants, neglecting the terma of the fourth and higher orders relative to tbe eccentricities and 
inclinations, ho found it to be so small that it might be regarded as totally insensible. 
Justly BuspecUng that this circumstance was not attributable to the particular values of the 
elements of Jupiter and Satam, he investigated the expresaion for tbe secular perturbation 
of the mean motion by a general analysis, neglecting, as before, tbe fourth and higher 
powers of the eccentricities and inclinations, and he found in this case that Iba terms which 
were retained In the investigation absolntely destroyed each other, so that the expression 
was reduced to zero. In a memoir which he commanicated to the Berlin Academy of Sci- 
ences, in IT76, Lf^ange first showed that tbe mean distance (and consequently tlie mean 
motion) waa not affected by any secniar ineqnalitiea, no mattet what wei 
OT inclinationa of the disturbing and disturbed planets. — TRANaL&TOR. 
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iuto UDkDown regions, whitLer the eye, armed witb the most i^oi^^erful 
telescope, has never penetrated. Jupiter, on the other haod, the planet 
compared with whicb the earth is so insignificaut, appeared to bo mov- 
ing in the opposite direction, so as to be ultimately absorbed in ttie in- 
candescent matter of the san. FiDally, the moon seemed as if it wonld 
one day precipitate itself apon the earth. 

There was nothing doubtful or siKjculative in these sinister fore- 
bodings. The precise dates of the approaching catastrophes were alone 
uncertain. It was known, however, that they were very distant. Ac- 
cordingly, neither the learned dissertations of men of science nor the 
animated descriptions of certain poets produced any impression upon the 
public mind. 

It was not so with our scientific societies, the members of which re- 
garded with regret the approaching desliractiou of our planetary system. 
The Academy of Sciences called the attention of geometers of all coun- 
tries to these menacing i>ertnrbatlons. Enler and Lagrange descended 
into the arena. Never did their mathematical genius shine with a 
brighter luster. StiU the question remained undecided. The inutility of 
such efforts seemed to suggest only' a feeling of resignation on the sub- 
ject, when from two disdained comers of the theories of analysis the 
author of the M^canique Celeste caused the laws of these great i)henom- 
ena clearly to emerge. The variations of velocity of Jupiter, Saturn, 
and the moonfiowed, then, from evident physical causes, and entered 
into the category of ordinary periodic perturbatiouB, depending upon 
the priuoiple of attraction. 

The variations in the dimensions of the orbits, which were so much 
dreaded, resolved themselves into simple oscillations, included within 
narrow limits. Finally, by the imwerful iustrumoDtality of mathemati- 
cal analysis, the physical nniverse waS'again established on a firm foun- 
dation. 

Icaunotquit this subject without at least alluding to the circumstances 
iu the solar system upou which depend the so long unexplained varia- 
tions of velocity of the moon, Jnpiter, and Saturn. 

The motion of the earth around the sun is mainly effected in an ellipse, 
the form of which is liable to vary from the effects of planetary pertur- 
bation. These alterations of form are periodic; sometimes the curve, 
without ceasing to be elliptic, approaches the i'orm of a circle, while at 
other times it deviates more and more from that form. From the epoch 
of the earliest recorded observations, the eccentricity of the terrestrial 
orbit has been diminishing from year to year ; at some future epoch the 
orbit, on the contrary, will begin to deviate from the form of a circle, and 
the eccentricity will increase to the same extent as it previously dimin- 
ished, and according to the same laws. 

Now Laplace has shown that the mean motion of the moon around 
the earth is connected witb the form of the ellipse whicb the earth de- 
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Bcribes around Uie san ; tbat a diminntion of the eccentricity of the 
ellipse inevitably induces an increase in the velocity of onr satellite, and 
vice versa; finally, that this canse suffices toexplain the numerical value 
of the acceleration which the mean motion of the moon has experienced 
Arom the earUost ages down to the present time.* 

The origin of the ineqaalities in the mean motions of Jupiter and 
Saturn will be, I hope, as easy to coueeive. 

Mathematical analysts has not served to represent in finite terms the 
values of the deraugemente which each planet esperiences in its move- 
ment from the action of all the other planets. In the present state of 
science, this value is exhibited in the form of aa indefinite series of terms 
diminishing rapidly in magnitude. In calculation it is usual to neglect 
sach of those terms as correspond in the order of magoitade to quantitieB 
beneath the errors of observation. But there are cases in which the 
order of the term in the series does not decide whether it be small or 
great. Certain numerical relations between the primitive elements of 
the disturbing and disturbed planeta may impart sensible values to terms 
which nsually admit of being neglected. This case occars in the per- 
turbations of Saturn produced by Jupiter, and in those of Jupiter pro- 
duced by Saturn. There exists between the mean motions of these two 
great planets a simple relation of commensurability, five times the mean 
motion of Saturn being, in fact, very nearly equal to twice the mean 
motion of Jupiter. It happens in consequence that certain terms, which 
would otherwise be very small, acquire from this circumstance consider- 
able values. Hence arise, in the movements of these two planets, ine- 
qualities of long duration, which require more than 900 years for their 
complete development, and which represent with marvelous accuracy all 
the irregularities disclosed by observatiou. Is it not astonishing to find 
in the commcDsurability of the mean motions of two planeta a cause of 
perturbation of so influential a nature ; to discover that the definitive 
solution of an immense difficulty, which baffled the genius of Euler, and 
which even led persons to doubt whether the theory of gravitation was 
capable of accountjog for sU the phenomena of the heavens, should de-: 
pend upon the fortuitous circumstance of five times the mean motion of 
Saturn being equal to twice the mean motion of Jupiter 1 The beauty 

' Mi. Adams has recentlf detected s lemarkable overBigbt committed bj L^lace and hia 
BQcceggoiB'in the analyticBl iDvestigatiDu of the expiBraion for this ineqaaUtf. The effect of 
the rectification rendered necesMTj hy the reeeatches of Mr. AJama will be to diminiah bj 
abont one-BJxtb the co-efficient of the principal term of the secular inequalitj. This co-effi- 
cleat has for its multiplier the Bqoare of the number of centnrjes wbicb baTs elapsed from a 
g^ven epoch ; its valae waa foand bf Laplace tabe 10".18. Mr. Adams haa ascertained 
diat it must be dimiaiBbed by 1".66. This retnlt has recently been verified bj the researches ' 
of M. Plana. Its effect will be to alter In soum def^iee the calcniations of ancient eclipaes. 
The astronomer royal has stated, in his last annual report to the board of Tisitors of Iba 
Bojal Observatory, (June, 1856,) tbat steps have recently been taken at the observatory for 
calcolatiog the varioOB circumstances of those phenomena, upon the basis of the more correct 
data fDmisbed by tbe researches of lb. Adams.— Teahslator. 



n,g,t,7l.dM,GOOglC 



of the coDception and the altimate result are Lere eqaally wortby of 
admiratioD. * 

■ The oiigia of this fimoua inequality may be bes( nndernlood bj refarenco to tho mode 
in nbtcli tlie dLstarbing Cotcea operate. Let P Q R, P' Q' R' repreBent tbe orbits of Jupiter 
and Sfttnm and lot as suppose, for the sake of ilius- , 

Its^oq, that they are both situate in the anme plane. rVt^ — ' ~^*"\ 

Let the planets be in conjunction at P, P'. and let /\, \ ^^^\>i 

them both be revolving around tbe suu S, in the / \ \jj \ 

direction represented by tbe arrows. Aasuining thai / if< ""-^ \ 

Ibo mean nioUon of Jupiter is to that of Salnrn ex- / / \\ \ \ 

sctly in the proportion of five to two, it follows that t' I t/ \ \^- • 

when Jnpiler has completed one revolution, Satain I I yf* 15 jp 

will hare advanced through two-fifths of a revolu- \ \ /j j I 

tion. Similarly, when Jnpiler bag completed a revo- \ \// / / 

hitiou and a half, Satnrn will have effected three- \ Vx/ ^/ / 

fifths of a revolution. Hence, when Jupiler arrives \/ /> ' y' 

at T, Saturn will be a little Id advanoe of T'. Let *^<.>_ 

ns suppose that tbe two planets come again into coo- ^ 

jnnctioQ at Q,Q'. It is plain Ibat while Jupiler has completed one revolution, and advanced 
through the angle P S Q, (measured in Ihedirection of tbe arrow,) Saturn has simply descrllrad 
around 8 the angle P' S' Q'. Hence the excess of the angle described around 3, by Juplieri 
over tbe augle similarly described by Saturn, will amount to one complete revolution, or 
3&}°. But since the mean motious of the two planets are in tbe proportion of five to two, 
tbe angles described by them around S in any given time will bo in tbe same proportion, and 
therefore the excess of the angle described by Jnpiter over that described by Saturn will be 
to tbe aiiK'«''^<'"''^ ^7 Saturn in the proportion of three to two. But we have just founct 
that the excess of these two angles in the present case amounts to 3G(F, and tbe angle de- 
scribed by Saturn is represented by P S' Q' ; consequently 360° is to the anjfle P' S' Q' in 
the proportion of three to two ; in other words, P' S' Q' is equal to two-thirds of tbe circum 
ference, or 241°. lu the same way it may be shown that the two planets will come into eoit 
janclioa again at R, when Saturn has described another arcof 24UO. Finally, when Satnnx 
bas advanc«d tbrongh a thirdarcof 240°, the two planets will come into conjunction at P,.P', 
the pinnts whence they originally set out ; and the two succeeding conjunctions will also mani- 
festly occnratQ, Q' and R, R'. Thus wo see Ibat the conjuucUons will always occur in three 
^ven points of the orbit of each planet situate at angular distances of 120° frooi each other. 
it is also obvious that, daring tbe interval which elapses between the occurrence of two con- 
janctions in tbe same points of the orbits, and which includes three synodic revolntions of lUft 
planets. Jupiler will have accomplished five revolutions around the sun, and Saturn will have 
accomplished two revolntions. Now, if tbe orbits of bolb planets were perfectly cirsular, tb» 
retardingandacceleratingeffects of tbe disturbing force ofeitber planet wouM neutralize each, 
other in tbeconrse of a synodic revolution, and tlierefare bath {Planets would letiun to the same 
condition aleacb successive conjunction. But in consequence of the elliptlcity ef tbe oibits, the 
retarding effect of the disturbing force is manifestly no longer exactly GouipeuBati<d by the 
accelerative effect, and hence, at the close of each synodic revolution, there remains a min- 
ute outstanding alteration in the movement of each planet. A similar effect will be pro- 
duced at each of the three points of coDJunctio.n, and as the perturbations which thus ensne 
do not generally compensate each other, theiewill remain aminuteomlBlaQdin|r perturbation 
18 tbe result of every three conjunctions. Tbe effect produced being of tbe same kiDd(wbether 
lending to accelerate or retard the movement of the planet) for every snch triple conjunction, it 
is plain that the action of ibe disturbing forces would ultimately lead toaserioHs deran^'emcnl 
of the movements of both planets. All this is founded on the supposition that tbe meau 
motions of the two planets are to each otber as two to five, but in reality this relation does 
not exactly bold. In fact while Jnpilerreqnires3l,G63 days loaccomplisbfiie revolutions, 
Satom effects two revolntions in 21,518 days. Hence when Jnpiter alter completiof his 
SAh revolution arrives at P, Saturn will have advanced a little beyond P', and the cod- 
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We have just explaine<l how Laplace demonstrated that the solar sys- 
tem CHU exiterieoce only small periodic oscillations around a certain 
meao state. Let us now see in nhat way he succeeded iu deteriuiuiiig 
the absolute dimensions of the orbits. 

What is the distance of the sun from the earth 1 Ko scieutiflc qoes- 
tinn Las occupied, iu a greater degree, the attention of innukind ; mathe- 
matically speakiug, notbiug is more simple. It snftiees, as in commou 
operations of suneying, to draw Yisunl lines from the two extremities of 
a knowu base to an inaccessible object. The remainder is a process of 
elementary CidculatioD. Cnfortunatety, in the cai«eof the sun, theditt- 
tance is great, aud the bases which can be measured upon the earth are 
comparatively very small. In such a case the slightest errors in the di- 
rection of the visual liues exercise an enormous influence upon the 
results. 

In the lieginning of the last century, Halley remarked that certain in- 
terpositiofls of Venus between*the earth and the sun, or, to use an ex- 
jiression applied to such conjunctions, that the transits of the planet 
across the sun's disk, would furnish at each observatory an indirect 
means of fixing the position of the visual ray very superior in accuracy 
to the most perfect direct methods.* 

Such was the object of the scientific expeditions undertaken in 17C1 

junction uf the two planetB will occur at P, P' wbea thej huve batb described around S aa 
addllional arc of about 8'^. In tbe eame way it ma; be sliown that the two sacceedin^ cun- 
jnilctions will take place at the points q, <f r, r' respectively 6° in advance of Q, Q', B, B'. 
TbuB we see that tbo points of coqjunction will travel with extreme slowness iu the same 
direction astbatin wbicb tbe planets revolve. Non.sioce tbe angular distance between P 
and R \a 120°, and since in a period of three synodic revolntions, or ai,758 days, the line 
of conjunction travels throujrh an arc of 8°, it follows that in 892 years the iSonjunction of 
the two planets will have advanced from P, P' to R, R'. In reality the time of traveling 
from F, F' to G, G' is somewhat 1on[^r from the indirect eETects of planetary perturbation, 
amounting to 920 years. In an equal period of time, the conjunction of the two planets 
will advance from Q, Q' to R, R' and from R, R' to P. P'. Buring the half of tbis period 
tbo perturbative effect resulting from every triple conjunction will lie constantly in one di- 
rection, and during tbe olber balf it will lie in tbe contrary directjuo ; that is to say, 
during a period of 460 years, the mean motion of (he disturbed planet will be con- 
linnalty accelerated, and, in like manner, during an equal period it will be continually 
retarded. In tbe case of Jupiter disturbed by Satuin, tbe inequality in longitude 
amounts at ila maiimum to 21 ' ; in the converse case of Saiarn disturbed by Jupilor, the 
inequality is more considerable in conaequence of the greater mass of tbe disturbing planet, 
amounting at its maximum to 49'. In accordance with the mechanical principle of the 
equality of action and reaction, it happens that while the mean motion of one planet is in- 
creasing, that of the other is diminishing, and met neria. We have supposed that the or- 
bits of both planets are aituate in tbe same plane. In reality, however, they are inclined 
to each other, and this circumstance will produce an effect eiactly analogous to Ihat de- 
pending on the eccentricities of the orbits. It is plain that tbe more nearly ihemean motion* 
of the two planets approach a lelation of cotnmensnrability, tbe smaller will be tbe displace- 
ment of every third conjunction, and consequently the longer will be the duralion, aaH the 
greater the ultimate accumulation, of the inequality. — Tkanslator. 

* Tbe utility of observations of the transits of the Inferior planets for determining the 
lolar parallax was first pointed out by James Gregory. {Optica Promotft, 1663.)— Trans- 
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and 1769, OD which occasions France— not to speak of stations in Eu- 
rope — was represented at the isle of Rodrigo by Pingr6 ; at tho isle of 
Sau Dooiingo by Fleuriii ; at California by the Abb6 Gbappe; atPon- 
dicherry by Legentil. At the same epochs England sent Muskelyoe to 
St. Helena; Wales to Hudson's Bay; Mason to the Cape of 6ood 
Hope ; Captain Cooke to Otaheite, &c. The observationis of the south- 
ern hemisphere, compared with those of Europe, and especially with the 
observations made by an Austrian astronomer, Father Hell, at Ward- 
hus, in Lapland, gave, for the distance of the snn, the result which has 
since fignred in all treatises on astronomy and navigation. 

So government hesitated in furnishing academies with the means, 
however expensive they might be, of conveniently eatabtishing their ob- 
servers in the most distimt regions. We have already remarked that 
the determination of the contemplated distance appeared to demand 
imi»eriously an extensive base ; for small bases would have been totally 
inadequate to the purpose. Well, Laplace has solved the problem nu- 
piericiilly, withont a base of any kind whatever. He has deduced the 
distance of the snn from observations of the moon made in one and the 
same place ! 

The snn is, with respect to our satellite, the canseof perturbations which 
evidently depend on the distance of the immense luminous globe from the 
earth. Who does not see that these perturbations wonid diminish if the 
distance inci-eased; that tUey would increase, on tbeconti'ary, if the 'dis- 
tance diminished ; that the distance finally determines the mi^Ditude 
of the perturbations t 

Observation assigns the numerical value of these perturbations; 
theory, on the other hand, unfolds the general mathematical I'elatiou, 
which connects them with the solar parallax, and with other known ele- 
ments. The determination of the mean radius of the terrestrial orbit 
then becomes one of the most simple operations of algebra. Such is the 
happy combination by the aid of which Laplace has solved the great, the 
celebrated problem of parallax. It is thus that the illustrious geometer 
found for the mean distance of the sua from the earth, expressed in 
radii of the terrestrial orbit, a value differing only in a slight degree from 
that which was thefruit of so many troublesome and expensive voyages. 
According to the opinion of very competent judges, the result of the in- 
direct method might not impossibly merit tbe preference.* 

The movements of the moon proved a tertile mine of research to our 
great geometer. His penetrating intellect discovered in them unknown 
treasures. He disentangled them from everything which concealed them 
from vulgar eyes with an abiUty and a perseverance equally worthy of 

'Mayer, from tbe priociples of giariUtiuD, (Tbeoria Lune, IT^,) computed ihe value of 
tbe solar parallax to be 7".8. He reoiarked tbat tbe error of IbU datenumatloo did not 
amoimt ta oae-twentlelb of the whole, whence it followed that Ihe (ine value of tbe parallax 
coald not exceed 6" .2. Laplace, bj an analogous process, determined the parallax to be 
B''.45. Encfce, bj a profonnd disuussion of the observations of the troDBits of VeuoBiu 1761 
tmd 1769, found the value of tbo same element to be e".5TiC.— Translatob. 
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ndiuiration. The reader will excuse me for citinj; another of such ex- 
amplea. 

Tbe earth gorerna the movements of the moon. The earth is flattened ; 
jn other words, its figure is spheroidal. A spheroidal body does not at- 
tract like a sphere. There ought, then, to exist in the movement, I had 
almost said in tbe countenance, of the moon a sort of impression of tbe 
spheroidal figure of the earth. Such was the idea as it originally oc- 
curred to Laplace. 

It still remained to ascertain (and here consisted the chief difflcnlty) 
wiiether the eSFects attributable to the spheroidal figure of the eai-th 
were sufficiently sensible not to he confounded with the errors of obser- 
vation. It was accordingly necessary to find the general formula of per- 
turbations of this nature, in order to be able, as in tbe case of the solar 
parallas, to eliminate the unknown quantity. 

The ardor of Laplace, combined with his power of analytical research, 
surmounted all obstaclea. By means of an investigation which de- 
manded the most minute attention, the great geometer discovered in 
tbe theory of the moon's movements two well-defined perturbations de- 
pending on tbe spheroidal figure of the earth. Tbe first affected the 
resolved elementof tbe motion of our satellite, which is chiefly measured 
with the instrument known in observatories by the name of the transit 
instrument; the second, which operated in the direction north andsoutb, 
could only be effected by observations with a second instrument, termed 
the mural circle. These two ineqnalities, of very different magnitudes, 
connected with tbe cause which produces them, by analytical combina- 
tions of totally different kinds, have, however, both conducted to the 
same value of tbe ellipticity. It mast be borne in mind, however, that 
tbe ellipticity, thus deduced fVom the movements of the moon, is not 
the ellipticity corresponding to such or such a country, the ellipticity 
observed in Fnmce, in England, in Italy, in Lapland, in North America, 
in India, or in the region of the Cape of Good Hope, for the earth's ma- 
terials having undergone considerable upheavings at different times, 
and in different places, the primitive regularity of its curvature has been 
sensibly disturbed by this cause. The moon — and it is this circumstance 
which renders the result of such inestimable value — ought to assign, 
and has in reality assigned, the general ellipticity of the earth ; in other 
words, it has indicated a sort of mean value of tbe various determina- 
tions obtained at enormous expense, and with infinite labor, as the 
result of long voyages undertaken by astronomers of all the countries 
of Europe. 

I shall add a few brief remarks, for which I am mainly indebted to 
the antbor of tbe M^caniqne Celeste. They seem to be eminently 
adapted for illnstratiug the profound, tbe unexpected, and almost par- 
adoxical character of the methods which I have jnst attempted to 
sketch. 
I What are the elements which it has been found necessai; to ooDfix)Dt 
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witb each other ia order to arrive at results expressed even to tbe pre- 
cision of the smallest decimals f 

Ou the one haod, mathematical formalffi (deduced from the principle 
of nniversal attractiou ; od the other hand, certaiu irregularities ob- 
served in the returns of the moon to the meridiau. 

Au obaerviug geometer who, from his iufauc;, had never quitted bis 
chamber of study, aud who bad never viewed the heavens except 
through a narrow aperture directed north and south, in the vertical 
plane of which the principal astronomical instruments are made to move — 
to whom nothing had ever tieeii revealed respecting the bodies revolving 
alK)ve his bead, except that they attract each other according to the 
Newtonian law of gravitation — would, however, be enabled to aaccrtaiu 
that his narrow abode was situated upon tbe surfcice of a spheroidal 
"body, the equatoriitl ai:is of which surpassed the polar axis by a three 
Ijtindred and sixth part ; he would have also found, in bis isolated, im- 
movable position, his true distance from tbe snn. 

I have stated at the commencement of this notice that it is to 
D'Alembert we owe tbe first satisfactory mathematical explanation of 
the phenomenon of the' precession of the equinoxes, Bnt our illustrious 
countryman, as well as Euler, whose solution appeared subsequently to 
that of D'Alembert, omitted all consideration of certain physical cir- 
cumstances, which, however, did not seem to be of a nature to be neg- 
lected without examination. Lnplace has supplied this deficiency. He 
lias shown that tbe sea, notwithstanding its fluidity, and that the at- 
mosphere, notwithstanding its currents, exercise the same influence on 
the movements of the terrestrial axis as if they tbrmed solid masses ad- 
liering to the terrestrial spheroid. 

Do the extremities of tbe axis around which the earth performs an 
entire revolution ouce in every twenty-four hours correspond always to 
the same material points of the terrestrial spheroid T In other words, 
do the poles ot rotation, which from year to year correspond to different 
stars, undergo also a displacement at the surface of the earth T 

In the case of tbe affirmative, the equator is movable as well as the 
poles; tbe terrestrial latitudes are variable ; no country during the lapse 
of ages will eujoy, even on an average, a constant climate ; regions the 
most different will, in their turn, become oircumpolar. Adopt the coit- 
trary supposition, and everything assumes the character of an admi- 
rable permanence. 

The question which I have just suggested, one of the most important 
in astronomy, cannot be solved by the aid of mere observation, on ac- 
count of the uncertainty of the early determinations of terrestrial lati- 
tude. Laplace has supplied this defect by analysis. Tbe great geome- 
ter lias demonstrated that no circumstance depending ou universal gravi- 
tation can sensibly displ^e the poles of the earth's axis relatively to 
the Burlace of the terrestrial spheroid. The sea, far from being an ob- 
stacle to tbe invariable rotation of the earth upon its axis, would, on the 
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coDirarj, redace the axis to a permanent eouditioD io couseqaence of 
the mobility of the waters and the resistance which their oscillations 
experience. 

The remarts which I have just made with respect to the position of 
the terrestrial axis are equally applicable to the time of the earth's ro- 
tation, which is the unit., the true staudard of time. The importance of 
this element induced Laplace to exaAiine whether its numerical value 
might not be liable to vary from internal causes, such as earthquakes 
and volcanoes. It is hardly necessary for me to state that the result 
obtained was negative. 

The admirable memoir of Lagrange upon the libration of the moon 
seemed to have exhausted the subject. This, however, was not the 
case. 

Tne motion of revolution of onr satellite around the earth is subject 
to perturbations, technically termed secular, which were either unknowa 
to Lagrauge or which be neglected. These inequalities eventually place 
the body, not to speak of entire circumferences, at angular distances of 
a semicircle, a circle and a half, &c., from the position which it would 
otherwise occupy. If the movement of rotation did not participate in 
such perturbations, the moon in the lapse of ages would iireseut in suc- 
cession all the parts of its surface to the earth. 

Thig event will not occur. The hemisphere of the moon which is 
actually invisible will remain invisible forever. Laplace, in fact, has 
shown that the attraction of the earth introduces iuto the rotatory mo- 
tion of the luuar spheroid the secular inequalities which exist in the 
movement of revolution. 

Researches of this uature exhibit iu full relief the power of mathemat- 
ical analysis. It would have been very difficult to have discovered by 
synthesis truths so profoundly enveloped iu the complex action of a 
multitude of forces. 

We should be inexcusable if we omitted to notice the high impor- 
tance of the labors of Laplace on the improvement of the lunar tables. 
The immediate object of this improvement was, in effect, the promo 
tiou of maritime intercourse between distant countries; and, what was 
indeed far superior to all considerations of mercantile interest, the pres- 
ervation of the lives of mariners. 

Thanks to a sagacity without parallel, to a perseverance which knew 
no limits, to an ardor always youthtul, and which communicated itself 
to able co-adjutors, Laplace solved the celebrated problem of the longi- 
tude more completely than could have been hoped foriu a scientific 
|K)iut of view, with greater precisiou than the art of navigation, in its 
utmost i-etinement, demanded. The ship, the sport of the wind« and 
tempests, has no occasion, in the present day, to be afraid of losing 
itself iu the immensity of the ocean. An intelligeut glance at the starry 
vault indicates to the pilot, iu every place and at every time, his dis- 
tance from the meridian of Paris. The extreme perfectiou of the ez- 
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istiDg tables of the moon entitles Laplace to be ranked among the bene- 
factors of humanity.* 

In the beginning of the year IGll, Galileo supposed that he found in 
the eclipses of Jupiter's satellites a simple and rigorous solution of the 
famous problem of the longitude, and active negotiations were imme- 
diately commenced with the view of introducing the new method oa 
board the numerous vessels of Spain and Holland. These negotialions 
failed. From the discussion, it plainly 'appeared that the accurate ob- 
servation of the eclipses of the satellites would require powerful tele- 
scopes ; bnt such telescopes could not be employed on board a ship 
tossed about by the waves. 

The method of Galileo seemed, at any rate, to retain all its advan- 
tages when applied on land, and to promise immense improvements to 
geography. These expectations were found to be premature. The 
movements of the satellites of Jnpiter are not by any means so simple 
as the immortal inventor of the method of longitudes supposed them to 
be. It was necessary that three generations of astronomers and mathe- 
maticians should labor with perseverance in unfolding their most con- 
sidei-able perturbations. It was necessary, in fine, that the tables of 
those bodies should acquire all desirable and necessary precision, that 
Laplace should introduce into the midst of them the torch of mathemati- 
cal analysis. 

In the present day, the nautical e^henierides contain, several years in 
advance, the indication of the times of the eclipses aud le-appearances 
of Jupiter's satellites. Calcnlariori does not yield in precision to direct 
observation. In this group of satellites,, tjonsidered as an independent 
system of bodies, Laplace fonud a series of perturbations analogous to 
those which the planets experience. The rapidity of the revolutions un- 
folds, in a •sufficiently short space of time, changes in this system which 
require centuries for their complete develupmeut in the solar system. 

Although the satellites exhibit hardly an ajipreciable diameter even 
when viewed in the bust telescopes, our illustrious countryman was en- 
abled to determine their masses. Fiually, he discovered certain simple 
relations of an extremely remiirkable character between the movements 
of those bodies, which have been called the laics of Laplace, Posteiity 
will not obliterate this dosiguatiou ; it will acknowledge the propriety 
of inscribing iu the heavens the name of so great an astronomer beside 
that of Kepler. 

• The tliiiorotiial researcheB of LaplBCa formed the basis of Biirckbardt'a Lunar Tublos, 
which are cblell; empluyed iu computing the places uf llio moon fi'r the Nautical Almaoac 
and otlier epiiemeriiles. These tables were defaced bj an empiric equation, gnggeslei] for 
the purp:ise of repreeeoling au iueqnalit; of Ion;; period which sectncd to effect tbe meani 
longitude of tie moan. No satis factory explanation of the origin of this ireqiiaiity couldl 
be discovered by any geometer, althuugli it formed the anbject of much toilauuie invcsiiga- 
tiuD throughout tlie present century, until at length M. HaiiEon found it to arise fioiii a 
combiiialiou of two inequalities due 10 the disturbing action of Vouus. The peiiod of otie 
of these inequulities is 'ii7i years, and thut of tiie other is £19 years, "i 
tbe former is 27".4, and that of tbe Utter ui 33".3.— Tsansi^tub. 
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Let as cite two or tbree of tbe laws of Laplace : 

If we add to the mean longitude of the first sat^Jtite twice that of tbe 
third, aud subtract from tbe sum three times tbe mean longitude of the 
second, tbe result will be exactly equal to 18tP, Would it uot be very 
extraordinary if the three satellites bad been placed originally at tbe 
distances from Jupiter, aud in tbe positions, with respect to each other, 
adapted for coustautly aud rigorously maiutaiuiug the foregoing rela- 
tion f Laplace bas replied to tliis questioa by showiug that it is uot 
uecessary that this relation should have been rigorously true at the oii- 
gio. The mutual aetiou of the satellites would necessarily Lave reduced 
it to its preseot mathematical couditiou, if ouce tbe distances and the 
positions satisfied the law approximately. 

This first law is equally true when we employ the synodical elements. 
It beuce plainly results tbat tbe tbree first satellites of Jupiter can never 
be all eclipsed at the same time. Bearing this in mind, we shall have 
no difficulty iu apprehending the import of a celebrated observation of 
receut times, during which certain astronomers perceived tbe planet for 
a short time without any of his four satellites. This would not by .any 
itteaus authorize us in supposing the satellites to be eclipsed. A satel- 
lite disappears when it is projected upon tbe central part of the lumi- 
nous disk of Jupiter, and also when it passes bebiud tbe opaque body 
of the planet. 

The following is another very simple taw to which tbe mean motions 
of the same satellites of Jupiter are subject; 

if we add to tbe mean uiotion of the first satellite twice the mean 
motiou of tbe third, the sum is exactly equal to three times the mean 
motiou of the second. • 

This numerical coincidence, which is perfectly accurate, would be one 
of the most mysterious phenomena iu the system of tbe universe if 

' TLis law is necessarilf iocIuJed in the law already enuDcitttod by the author relative to 
the mea,o loDgitndes. The folluwiogiB the mostnaiial mode of expresaing these curious rela- 
lioua : 1st, the mean motiou of tbe first satellite, pins twice the meau motioii of the third, 
miuaa three times the mean motioti of the second, is rigoronsly equal to zero ; Sd, the mean 
longitude of the first Bateilite, plus twice the mean longitude of the third, minus three times 
tlie mean longitude of the second, is equal to IHO°. It is plain that if we only cousider 
the iiiean longilmle here to refer lo a gicia epoch, the cojnbinalioc of the two laws will a»- 
aure tbe existence of au analogous relation between the mean loni^tudes/or any instant nf 
timt lehatever, whether past or future. Laplace has ahown, aa the author haa atat«d in tbe 
text, (hat if these relations had only been approximately true at (he origin, the mutual 
oltractiou of the three satellites would have ultimately rendered them rigorously so; under 
such circnmalancca the mean longitude of the Grat satellite, plus twicn the mean longitude 
of tbe third, minus three times the mean longitude of the second, would continually oscil- 
late about 180° BS a mean value, The thiee satellites would participate in ibis libratory 
movemeut, the extent oC oscillation depending in each case on the mass of the satellite and 
its dislBUco from the primary, but tbe period of libration is tbe same for all the Batelliles, 
amounting to %S70 days 18 hours, or rather more than six years. Obaervations of the 
eclipses of the satellites have not afforded any indications of the actual existence of such a 
libratory motion, ao that the relations between the ineau motions and mean longitudes may 
l:e presumed to be always rigorously true. — TkaNslatuK. 
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Laplace liad not proved tbat the law need only bave beea approsiiuate 
at the origiD, and that the mutual actioii of the satellites has sufficed 
to render it rigorous. 

The illustrious geometer who always parsned his researches to their 
moat remote ramiflcations arrived at the following result : The action 
of Jupiter regulates the movements of rotation of the satellites, so 
that, without taking into Account the secular perturbations, the time of 
rotation of the first satellite, plus twice the time of rotation of the third, 
forius a sum which is constantly equal to three times the time of rota- 
tion of the second. lodueuced by a deference, a modesty, a timidity, 
without any plausible motive, oar artists in the last century surren- 
dered to the Eoglish the eselustve privilege.of constructing instruments 
of astronomy. Thus, let as ft-ankly acknowledge the fact, at the time 
when Herschel was prosecuting bis beautiful observations on the other 
Bide of the Channel, there existed in France no iustruments adapted 
for develo[)iug them ; we had not even the means of veriiyiag them. 
Fortunately iot the scientific honor of our country, mathematical analy- 
sis is also a powerful iDstrument. Laplace gave ample proof of this 
OQ a memorable occasion when, from the retirement of his chamber, he 
predicted, iie minutely announced, what the excellent astronomer of 
Windsor would see with the largest telescopes which were ever con- 
structed by the hand of man. 

When Galileo, in the beginning of the year 1610, directed toward 
Saturn a telescope of very low power, which he had just executed with 
bis own haods, he perceived that the planet was not an ordinary globe, 
without, however, being able to ascertain its real form. The expression 
" tri-corporate,'" by which the illustrious Florentine designated the appear- 
ance of the planet, implied even a totally erroneous idea of its struc- 
ture. Uur countryman Boberval entertained much sounder vi^ws on 
the subject, but from not having instituted a detailed comparison be- 
tween his hy{K)thesis and the results of observation, he abandoned to 
Hnyghens the honor of being regarded as the author of the true theory 
ot the phenomena presented by the wonderful planet. Every jiersou 
knows in the present day that Saturn consists of a globe about 900 
times greater than the earth, and a ring. This ring does not touch 
the ball of the planet, beiug everywhere removed from it at a distance 
of 20,000 (Buglish) miles. Ubservatioo indicates the breadth of the 
ring to be 54,000 miles. The thickness certainly does not exceed 250 
miles. With the exception of a black streak, which divides the ring 
throughout its whole eontoar into two parts of unequal breadth and 
of different brightness, this strange, colossal bridge without piles had 
never oflered to the most experienced or skillful observer either spot 
or protuberance adapted for deciding whether it wan immovable or 
endued with a movement of rotation. 

La[)liice considered it to be very improbable, if the ring was immov- 
able, that its constituent parts should be capable of resisting by their 
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mere cohesion tfae contiDnal attraction of tlie planet. A movement of 
rotation occurred to bis miud aa constituting ttie priuciple of stabiiity, 
and he hence deduced the necessary velocity. Tbe velocity tbos foand 
was exactly eqnal to that which Herscbel subsequently deduced from 
a coarse of extremely delicate observationa 

The two parts of tbe ring being placed at different distances from tbe 
planet, could not fail to experience, from the action of tbe sun, different 
movements of rotation. It would hence seem that tbe planes of botb 
rings ought to be generally inclined toward each other, whereas they 
appear from observation always to coincide. It was necessary, then, 
that some physical cause should exist which would be capable of neutral- 
i^ng the action of tbe sun. . In a memoir published in February, 1789, 
Laplace found that this cause mnst reside in the etlipticity of Saturn, 
produced by a rapid movement of rotation of the planet, a movement 
the existence of which Herschel announced in November, 1780. 

The reader cannot fail to remai'k how, on certain occasions, the eyes 
of the miud can supply the want of the most powerful telescoties, and 
lead to astrouomtcal discoveries of tbe highest importance. Let us de- 
scend from tbe heavens upon the earth. Tbe discoveries of Laplace will 
apjwar not leas imjiortant, not leas worthy of hia genius. 

The phenomena of the tides, which an ancient philosopher designated 
in despair the tomb of human curiosity, were connected by Laplace 
with an analytical theory in which the physical conditions of the qnes- 
tion figure for tbe first time. Accordingly calculators, to the Immense 
advantage of the navigation of our maritime coasts, venture in the 
present day to predict several years in advance the details of tbe time 
and height of the full tides without more anxiety respecting the result 
than if the question related tathe phasea of an eclipse. 

Thefe exists between the different phenomena of the ebb and flow of 
the tides and the attractive forces which the auu and moon esercise 
upon the fluid sheet which covers three-fuurtha of the globe, an intimate 
and necesaiu-y connection, from which Laplace, by the aid of a seriea of 
twenty years of observations, executed at Brest, deduced the value of 
the mass of our satellite. Science knows in tbe present day that seventy- 
Ave moona would be necessary to form a weight equivalent to that of 
tbe terrestrial globe, and it ia indebted for this reanlt to an attentive 
and minute stndy of the oscillations of the ocean. We know only one 
means of enhancing the admiration which every thoughtful mind will 
entertain for theories capable of leading to such conclusions. An his- 
torical statemen*; will supply it. In tbe year 1631, the illustrious Gali- 
leo, as appears from his i>((iIof)Me8, waa so far from perceiving the mathe- 
matical relations from which Laplace deduced reanlts so beautiful, so 
unequivocal, and ao uaeful, that he taxed with frivolousucss the vague 
idea which Kepler entertained of attributing to the moon's attraction a 
certain share in the production of tbe diurnal and periodical movements 
of the waters of tbe ocean. 
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Laplace did oot confine bimself to exteudiog so considerably, and im- 
proving so ea&entlally, the mathematical theory of the tides ; he consid- 
ered the phenomenon ffom an entirely new point of view ; it was he who 
first treated of the stability of the ocean. Systems of bodies, whether 
solid or fluid, are snbjeet to two kinds of equilibrium, which we must 
carefully distinguish from each other. lu the case of stable equilibrium, 
the system, when slightly disturbed, tends always to return to its origi- 
nal condition. On the other hand, when the system is in unstable equilib- 
lium, a very insigJiiflcant derangement might occasion an enormous 
dislocation in the relative positions of its constituent parts. 

If the equlibriom of waves is of the latter kind, the waves engendered 
by the action of winds, by earthquakes, and by sudden movements 
from the bottom of the ocean, b^ve perhaps risen in jiast times, and 
may rise iu the future, to the height of the highest mountains. The 
geologist will have the satisfaction of deducing from these prodigions 
oscillations a rational explanation of a great multitude of phenomena, 
but the public will thereby be esposed to new and terrible catastro- 
phes. 

Mankind may rest assured ; Laplace has proved, that the equilibrium 
of the ocean is stable, but upon the express condition (which, however, 
has been amply verified by established facts) that the mean density of 
the fluid mass is less than the mean density of the earth. Everything 
else remaining the same, let us substitute an ocean of mercury for the 
actual ocean, and the stability will disappear, and tjie fluid will fie- 
qnently suriiass its bonndaries, to ravage continents even to the height 
of the snowy regions which lose themselves in the clouds. 

Does not the reader remark how each of the analytical investigations 
of Laplace serves to disclose the harmony and duration of the universe 
and of our globe f 

It was impossible that the great geometer, who had succeeded so 
well iu the study of the tides of the ocean, should not have occupied 
his attention with the tides of the atmosphere ; that he should not have 
submitted to the delicate and definitive tests of a rigorous calculus the 
geuerally-difi'used opinions respecting the influence of the moon upon the 
height of the barometer and other meteorological phenomena. 

Laplace, in efiect, has devoted a chapter of his splendid work to an 
examination of the oscillations which the attractive force of the moon 
is capable of producing in our atmosphere. It results from theee re~ 
searches that, at Paris, the lunar tide produces no sensible effect upon 
the barometer. The height of the tide, obtained by the discust^ion of a 
long series of observations, has not exceeded twohundredths of a milli- 
meter, a quantity which, iu the present state of meteorological science, 
is less than the probable error of observation. 

The calculation to which I have just alluded may be cited in snpport 
of considerations to which I had recourse when I wished to establish, 
that if the moon alters more or less the height of the barometer, accord- 
ing to its different phases, the effect is not attributable to attraction. 
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Ko person was more sagacioas than Laplace iu discovenng iutiroate 
relations between pheuoineua apparently very dissimilar; no person 
showed himself more skillfal iu deducing important conclnsious from 
those unexpected afBnities. 

Toward the close of his dajrs, for example, he overthrew with a stroke 
of the pen, hj the aid of certain observations of the moon, the cosmo- 
gonic theories of Buffou and Cailly, which were bo long iu javor. Ac- 
cording to these theories, the earth was inevitably advancing to a state 
of congelation which was close at band. Laplace, who never contented 
himself with a vague statement, eonght to determine in numbers the 
rapid cooling of our globe which Bufi'ou had so eloquently but so gra- 
tuitously announced. Nothing could he more simple, better connected, 
or more demonstrative than the cbyin of deductions of the celebrated 
geometer. 

A body diminishes in volume when it cools. According to the most 
elementary principles of mechanics, a robiting body which contracts in 
dimensions ought inevitably to turn upon its axis with greater and 
greater rapidity. The length of the day has been determined in all 
ages by the time of the earth's rotation ; if the earth is cooling, the 
length of the day must be continually shortening. Now, there exists a 
means of ascertaining whether the length of the day has undergone any 
variation ; this consists in examining, for each century, the arc of the 
celestial sphere described by the moon during the interval of time which 
the astronomers of the existing epoch called a day; in other words, the 
time required by the earth to effect a complete rotation on its axis, the 
velocity of the moon being, iu feet, independent of the time of the earth's 
rotation. 

Let usuow,aftortheexample of Laplace, take from the standard tables 
the least considerable values, if you choose, of tbe expansions or con- 
tractions which solid bodies experience ih)m changes of temperature; 
search then the annals of Grecian, Arabian, and modern astronomy for 
the purpose of finding in them the angular velocity of the moon, and 
the great geometer will prove, by incontrovertible evidence, founded 
upon these data, that during a period of 2,000 years the mean tempei'a- 
ture of the earth has not varied to the extent of the hundredth part of 
a degree of the centigrade thermometer. No eloquent declamation is 
capable of resisting such a process of reasoning, or withstanding the 
force of such numbers. The mathematics have been iuall ages the im- 
placable adversaries of scienti6c romances. 

The fall of bodies, if it was not a phenomenon of perpetual occarrence, 
would justly excite in the highest degree the aatouisbmeDt of mankind. 
What, in effect, is more extraordinary than to see an inert mass — that is 
to say, a mass deprived of will, a mass which ought not to have any 
propensity to advance in one direction more than in another, precipitate 
itself toward the earth as soon as it ceased to be supported t 

Nature engenders the gravity of bodies by a process so recondite, so 
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completely beyond the reach of oor Benses and the ordinary resources 
of biiinan intelligeDce, that the philosophers of antiquity, who supposed 
that they could expliiiD everything mechanically according to the simple 
evolutions of atoms, excepted gravity from their speculations. 

I^escartes attempted what Leucippiis, Democritus, Epicurus, and their 
followers thought to he impossible. He made tbe fall of terrestrial 
bodies depend upon the action of a vortex of very snbtle matter circu- 
lating around the earth. The real improvements which the illnstrious 
Hnygltens applied to the ingenious conception of our conutryman were 
fiir, however, from imparting to it clearness and precision, those charac- 
teristic attributes of truth. 

Those persons form a very imperfect estimate of the meaning of one 
of the greatest questions which have occupied the attention of modern 
inquirers, who regard Newton as having iseaed victorious from a strug- 
gle in which his two immortal predecessors had failed. Newton did not 
discover the cause of gravity any more than Galileo did. Two bodies 
placed in juxtaposition approach each other. Newton does not inquire 
into the nature of the force which produces this effect. The force ex- 
ists. He designates it by the term attraction ; but, at the same time, 
he warns the reader that the term, as thus used by him, does not imply 
any detiuite idea of the physical process by which gravity is brought 
into existence and operates. 

The force of attraction being once admitted as a faot,ITewton studies 
it in till terrestrial phenomena, 1q tbe revolutions of the moon, the plan- 
ets, satellites, and comets ; and, as we have already stated, he deduced 
from this incomparable study tbe simple, universal, mathematical char- 
acteristics of the forces which preside over the movements of all the 
bodies of which onr solar system is composed. 

The applanse of the scientific world did not prevent the immortal au- 
thor of the Principia from hearing some persons refer the principle of 
gravitation to tbe class of occult qualities. This circumstance induced 
Newton and his most devoted followers to abandon the reserve which 
they had hitherto considered it their duty to maintain. Those persons 
were then charged with ignorance who regarded attraction asian essen- 
tial property of matter, as the mysterious indication of a sort of charm; 
who supposed that two bodies may act upon each other without the in- 
tervention of a third body. This force was then either the result of the 
tendency of an ethereal fluid to move from the free regions of space, 
where its density is a maximum, toward the planetary bodies, around 
which there exists a greater degree of rarefaction, or the consequence 
of the impulsive force of some fluid medium. 

Newton never expressed a definitive opinion respecting the origin of 
the impulse which occasioned the attractive force of matter — at least in 
our solar system. But we have strong reasons for supposing, in the 
present day, that, in using the word impvtse the great geometer was 
thinking of the systematic ideas of Varignon andFatiode Duillier, snb- 
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sequently re-invented and perfecteil b; Leaage. These ideas, in effect, 
had beeD commnnicated to him before they were published to the world. 

According to Lesage, there are in the regiooa of epace bodies moving 
in every possible direction, and with excessive rapidity. The author 
applied to these tbeaame of nltramundaDe corpnscnles. Their totality 
conatituted the gravitative flaid, if indeed the designation of a fluid be 
appliciible to an assemblage of particlea having bo matual connection. 
{ A single body placed in the midst of snch an ocean of movable jiar- 
tides would remain at rest although it were impelled equally in evecy 
directiou. On the other hand, two bodies ought to advance toward each 
other, since they would serve the purpose of mutual screena, since the 
surfaces facingeach other would no longer be hit in the direction of their 
line of junction by the nltra-mund-ine particles, since thexe would then 
exist currents, the effect of which would no longer be neutralized by 
opposite currents. It will be eaaily seen, besides, that two bodies 
plunged into the gravitative flnid would tend to approach each other 
with au Intenaity which would vary in the inverse proportion of the 
square of the distance. 

If attraction is the reault of the impulse of a fluid, its action ought 
to employ a finite time in traversing the immense spaces which separate 
the celestial bodies. If the sun, then, were auddenly extinguiahed, the 
earth, alter the catastrophe, would, mathematically speaking, still con- 
tinue for some time to experience its attractive influence. The contrary 
would happen on the occaaion of the audden birth of a planet : a cer- 
tain time would elapse before the attractive force of thA new body wonld 
make itself felt on the earth. 

Sevei'aJ geometers of the la«t century were of opinion that the force 
of attraction ia not tranamitt«d iuatautaneously from one body to 
another ; they even assigned to it a comparatively inconsiderable veloc- 
ity of propagation. Daniel Bernoulli, for example, in attempting to 
explain how the spring-tide arrives upon our coasts a day and a half 
after the syzygies, that is to aay, a day and a half after the epochs when 
the sun and moon are most favorably aituated for the production of this 
magnificent phenomenon, assumed that the disturbing force required all 
this time (a day and a half) for its prupagatiou from the moon to the 
ooean. So feeble a velocity was inconsistent with the mechanical ex- 
planation of attraction, of which we have just spoken. The explanation. 
In effect, necessarily supposes that the proper motions of the celestial 
bodies are inaenaible, compared with the motion of the gravitative fluid. 
After having discovered that the diminution of the eccentricity of the 
terrestrial orbit ia the real cauae of the observed acceleration of the 
motion of the moon, Laplace, on his part, endeavored to ascertain 
whether this mysterioua acceleration did not depend on the gradual 
propagation of attraction. 

The reault of calcnlation was at first favorable to the plausibility of 
the hypothesis. It showed that the gradual propagation of the attract- 
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ive force would introdace into tbe movement of oar natellite a pertor- 
liation proiiortioual to the square of tbe time wliicb elapsed from tbe 
oommeDCiimeatof anyepoob ; that in order to represent numerinally the 
resnite of astronomical observatioDs, it would not be necessary to assign 
a feeble velocity to attraction ; that a propagation eight millions of 
times more rapid than that of light would satisfy all the pbeuomeDa. 

Although tbe true cause of tbe acceleration of the moon is now well 
known, the ingenious calculation of which I have just spoken does not 
tbe less on that account maintain its place in science. In a mathe- 
matical point of view, tbe perturbation depending on tbe gradual propa. 
gation of the attractive force which this oalcolation indicates ba« a cer- 
tain existence. The connection between the velocity of perturbation 
and the resulting inequality is sucb that one of the two quantities leads 
to a knowledge of tbe nnmerical value of the ot her. Sow, npon assigB- 
jng to tbe inequality the greatest valpe which is consistent with the 
observations after they have been corrected for the effect due to the 
variation of tbe eccentricity of the terrestrial orbit, we find the velocity 
of the attnictive force to be fifty millions of times the velocity of light 

If it be borne in mind that this number is an inferior limit, and that 
the velocity of the rays of light amounts to 17, (HH) leagues {192,000 
English miles) per second, the philosophers who profess to explain the 
force of attraction by tbe impulsive energy of a fluid, will see what pre- 
digiouB velocities they must satisfj". 

The reader cannot fail again to remark the sagacity with which La- 
place singled out the phenomena which were best adapted for throwing 
tight npon the most obscure points of celestial physics ; nor the success 
with which he explored their various parts, and deduced from tbem 
numerical conclusions in presence of which the mind remains con- 
lounded. 

The author of the MScanique C4leate supposed, like Xewton, that 
light consists of material molecules of excessive tenuity and endued in 
empty spac« with a velocity of 77,000 leagues in a second. However, 
it is right to warn those who would be inclined to avail themselves of 
this imposing authority that the principal argument of Laplace in favor 
of the system of emission consisted in the advantage which it afforded 
of submitting every question to a process of simple and rigorous esca- 
lation ; whereas, on tbe other hand, tbe theory of unduliitions has always 
offered immense difficulties to analysts. It was natural that a geometer 
who had so elegantly conuected the laws of simple refraction which tight 
undergoes in its passage through the atmosphere, and the laws of double 
refraction which it is sulyect to in the course of its passage through 
certain crystals, with the action of attractive and repulsive forces, should 
not have abandoned this ronte, before be recognized the impossibility of 
arriving by tbe same path at plansible explanations of the phenomena 
of difitaction and polarization. In other respects, the care which Laplace 
always employed in pursuing his researches, as tar as possible, to their 
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numerical resDits will enable tfaose who are disposed to institiito a com- 
plete comparison between the two rival theories of light M derive from 
the M^canique Celeste the materials of several interesting relatious. 

Is light an emanation from the sunt Does thisbodylannch out inces- 
santly in every direction a part of its own substancel Is it gradnally 
diuiinishing in volume and masst The attraction exercised by theeun 
upon the earth will, in that case, gradually become less and less consid- 
erable. The radius of the terroRtrial orbit, on the other band, cannot 
fail to increase, and a correspoDding effect will be produced on the length 
of the year. 

This ia the conclusion which suggests itself to every person upon a 
first glance at the subject. By applying analysis to the question, and 
then proceeding to numerical computations, founded upon the most trust- 
wortby results of observation relative lo the length of the year in dif- 
ferent ages, Laplace has proved that an incessant emission of light, go- 
ing on for a period of two thousand years, has not diminished the mass 
of the snn Uy the two-millionth part of its original value. 

Our illustrious countryman never proposed to himself anything vague 
or iudeflnite. His constant object was the explanation of the great 
phenomena of nature, according to the inflexible principles of mathemat- 
ical analysis. No philosopher, do mathematician, could have main- 
tained himself more cautiously on his guard against a propensity to 
hasty speculation. No person dreaded more the 8cienti8c errors whicli 
the imagination gives birth to, when il. ceases to remain within the limits 
of facts, of calculation, and of analogy. Once, and once only, did 
Laplace launch forward, like Kepler, like Descartes, lihe Leibnitz, like 
BuffoQ, into the region of conjectures. His conception was not then less 
than a cosmogony. 

All the planets revolve around the sun, from westtoeast, and in planen 
which include angles of inconsiderable magnitude. The satellites revolve 
aroiiud their respective primaries in the same direction as that in which 
the planets revolve around the sun, that is to say, from west to east. 

The planets and satellites which have been found to have'a rotatory 
motion, turn also upon their axe^ from west to east. Finally, the rota- 
tion of the sun is also directed from west to east. We have here, then, 
an assemblage of forty-three movements, all operating iu the same di- 
rection. By the calculus of probabilities, the odds are four thousand 
millions to one that this coincidence in the direction of so many move- 
ments is not the effect of accident. 

It was Buffon, I think, who first attempted to explain this singular 
feature of our solar system. Having wished- iu the explanation of phe- 
nomena to avoid all recourse to causes which were not warranted by Da> 
ture, the celebrated aciidemiciau investigated a physical origin of the 
system in what was common to the movements of so many bodies differ- 
ing in magnitude, in form, and in distance from the principal center of 
attraction. He imagined that be discovered such an origin by making 
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this triple aopposition : A comet fell obliquely opon the san ; it pushed 
before it a torrent of fluid matter; this snbstaoce transported to a 
greater or less distance from the sou, necording to it3 mass, formed by 
concentration all the kuown planets. 

The bold hypothesis of Baffon is liable to nDsnrmonntable difBcnlties. 
I proceed to indicate, in a fev words, the cosmogontc system which 
Laplace substituted for that of the illustrious auihor of the Histoire 
Haturelle. 

Accordiug to Laplace, the sun was at a remote epoch the central 
nucleus of an immense nebula, which possessed a very high temperature, 
and extended far beyond the region in which Uranus revolves in the 
present day. "So planet was then iu existence. 

The solar nebula was endued with a general movement of revolntioa 
directed from west to east. At it cooled it could not fail to experience 
a gradual condensation, and, in consequence, to rotate with greater an4- 
greater rapidity. If the nebulous matter extended originally in the 
plane of the eqnator as far as the limit at which the centrifugal force 
exactly counterbalanced the attraction of the nucleus, the molecules 
situate at this limit ought, during the process of condensation, to sepa- 
rate from the rest of the atmospheric matter, and form an equatorial 
zone, a ring revolving separately and with its primitive velocity. 

We may conceive that analogous separations were effected in the 
higher strata of the nebula at different epochs, that is to say, at differ- - 
ent distances from the nnclens, and that they give rise to a succession 
of distinct rings, included alm6st in the same plaae and endued with dif- 
ferent velocities. 

This being once admitted, it is easy to see that the indeflnite stability 
of the rings would have required a regularity of structure throngbont 
their whole contour which is very improbable. Each of them accord- 
ingly broke in its turn into several masses, which were plainly endued 
with a movement of rotation, coinciding in direction with the common- 
movement of revolution, and which in consequence of their fluidity as- 
sumed spheroidal forms. 

In order, then, that one of those spheroids might absorb all the others 
belonging to the same ring, it will be sufficient to assign to it a mass 
greater than that of any other spheroid. 

Each of the planets, while in the vaporous condition to which we have 
Just alluded, would manifestly have a central nucleus gradually increas- 
ing iu magnitude and mass, and an atmosphere offering, at its sncces- ' 
sive limits, phenomena entirely similar to those which the solar atmos- 
phere, properly so called, bad exhibited. We here witness the birth of ' 
satellites, and that of the ring of 9atnm. 

The system of which I have just given an imperfect sketch has for 
its object to show how a nebula endued with a general movement of- 
rotation must eventually transform itself into a very luminous central 
nnclens (a sun) and'into a series of distinct spheroidal phuets, sitiuta ' 
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at coDsideFaUe distances from each other, revolviDg all aronnd tbo cen- 
tral sua in the direetion of tbe original movement of the nebula ; how 
these planets ought also to have movements of ro'atiou operating in 
similar directions ; bow, finally, the satellites, when any of snch are 
formed, cannot fail to revolve upon their ases and around their respect- 
ive primarie», in the direction of rotation of tbe planets and of their 
movement of levolutiou around the sun. 

We have just found, conformably to tbe principles of mechanics, tbe 
forces with which the particles of tbe nebula were originally endued, in 
tbe movements of rotation and revolatiou of the compact and distinct 
masses which these particles have brought into esiatence by their con- 
densation. But we have thereby achieved only a single step. The 
primitive movement of rotation of the nebula is not connected with the 
simple attraction of tbe particles. Tliis movement seems to imply the 
^etiou of a primordial impulsive force. 

Laplace is far &om adopting, in this respect, tbe almost universe 
opinion of philosophers and mathematicians. He does not suppose that 
the mutual attractions of originally immovable bodies must nltimately 
reduce all tbe bodies to a state of rest around their common center of 
gravity. He maintains, on tbe contrary, that three bodies, in a state of 
rest, two of which have a much greater mass than the third, would con- 
centrate into a single mass only in certain exceptional cases. In gen- 
eral, tbe two most considerable bodies would unite together, while the 
third would revolve around tbeir common center of gravity. Attraction 
would thus become the cause of a sort of movement which would seem 
to be explicable solely by an impulsive force. 

It might be supposed, indeed, that in explaining this part of his sys- 
tem Laplace had before his eyes the words which Kousseau has placed ' 
in the mouth of the Yicar of Savoy, and that he wished to refute them. 
" Kewton has discovered the law of attraction," says the author of 
Umile; " bat attraction alone would soon reduce the universe to an im- 
movable mass. With this law we must combine a projectile force in 
order \o make the celestial bodies describe curve-lines. Let Descartes 
reveal to us the physical law which causes his vortices to revolve ; and 
let Newton show ns the band which launched tbe planets along the 
tangents of tbeir orbits." 

According to the cosmogonic ideas of Laplace, comets did not origi- 
nally form part of the solar system. Tbey are not formed at the expense ' 
of tbe matter of the immense solar nebula. We mast consider them as 
small wandering nebula, which tbe attractive force of the sun has 
caused to deviate from tbeir original route. Such of those comets as 
penetrated into tbe great nebula at the epoch of condensation and pf 
tbe formation of planets fell into tbe sun, describing spiral curves, and 
must hy their action have caused the planetary orbits to deviate more ' 
or less from the plane of the solar CQaator, with which they would 
otiierwise have exactly coincided. 
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tade which are scattered tbroDghont the celestial vanlt. 

In this analysis, we have deemed it right to coucentrate all our atten- 
tion upon tbe M4canique CSleste. The Systeme du Monde and the 
Theorie Analytique des Probabilit&i woold also require detailed notices. 

The Exposition du bystSme du Monde is the M4caniqve Celeste divested 
of the great apparatns of analytical formula which ought to be atten- 
tively perused by every astronomer who, to use an expression of Plato, 
is desirous of knowing tbe numbers which govern the physical universe. 
It is in the Exposition du St/atSme du Monde that persons uiiafiCjuainted 
with mathematical studies will obtain au exact and competent knowl- 
edge of the methods to which physical astronomy is indebted for its as- 
tonishing progress. This work, written with a noble simplicity of style, 
1 bis Etpoiition da SyHeme du Monde, (ttt>. 4, note 
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UD exqaisita propriety of expression, and a scrupulons accuracy, is tormi- 
Quted by a sketch of the history of astronomy, universally ranked in the 
present day among the finest moQaments of the French language. 

A regret has been often expressed that Caesar, iu his immortal Com- 
mentaries, ahoald bavo confined himself to a tiarratiou of bis own cam- 
paigns ; the astronomical commentaries of Laplade ascend to the origin 
of coiumunities. The labors nndertaken in all ages for the purpose of 
estractiug new tmths from the heavens are there justly, clearly, and 
profouudiy analyzed; it is genius presiding as the impartial jadge of 
genius. Laplace has always remained at the height of bis great mis- 
sion ; his work will be read with respect so long as the torch of science 
shall continue to throw any light. 

The calculus of probabilities, when confined witbiu just limits, onght: 
to interest, in an equal degree, the mathematician, the experimentalist, 
and tlio statesman. From the time when Pascal and Fermat established 
its first principles, it has rendered, and continues dally to render, services 
of the most eminent kind. It is the calculus of probabilities, which, 
after having suggested the best arrangements of the tables ot i>opala- 
tion and mortality, teaches us to deduce from those numbers, iu general 
so erroneoasiy interpreted, conclnsions of a precise and useful character ; 
it is the calculus of probabilities which alone can regulate justly the 
premiums to be paid for assurances ; the reserve funds for the disburse- 
ment of pensions, annuities, discounts, &c. It is under its influeace that 
lotteries and otber shameful snares cunningly laid for avarice and igno- 
rance have definitively disappeared. L:iplace hiis treated these questions, 
and others of n much more complicated nature, with his accustomed 
8ape:iority. In short, the Theorie Anali/tique des ProhdbilitSx is worthy 
of the author of the Mecanique Celeste. 

A philosopher, whose name is associated with immortal discoveries, 
said to his audience, who had allowed themselves to be infineoced by 
ancient and consecrated authorities, " Bear in mind, gentlemen, that in 
questions of svience the authority of a thousand is not worth the humble 
reasoning of a single individnal." Two centuries have passed over their 
words of G-alileo, without depreciating their value or obliterating these 
truthful character. Tbus, instead of displaying a long list of illustrions 
admirers of the three beautiful works of Laplace, we have preferred 
glancing briefly at some of the sublime truths which geometry has there 
deposited. Let us not, however, apply this principle in its utmost rigor, 
and since chance has put into our hands some unpublished letters of one 
of those men of genius, whom nature has endowed with the rare faculty 
of seizing at a glance the salient points of an object, we may be permitted 
to extract from them two or three brief and characteristic appreciations 
of the Mecanique Celeste and the Trait4des ProhahiKt4t. 

On the 27th Vend«jraiaire, in the year X, General Bonaparte, after 
having received a volnme of the M4canique Celeste, wrote to Laplace 
iu the following terms: "The first six montks which I shall have at my 



;, Google 



LAPLACE. 165 

disposal will be employed in reading your beaiitifnl work." It would 
apx>ear that the words, " the first six months," deprive the phrase of the 
character of a common-place expression of thanks, aud convey a just 
appreciation of the importance and difflcalty of the subject-matter. 

On the &th Frimaire, in the year XI, the teadlDg of some chapters of 
the volume which Laplace had dedicated to him was to the geoeml " a 
new occasion for regretting that the force of circumstancea had directed 
him into a career wliicb removed him from the pursuit of science." 

" At all events," added he, " I have a.strong desire that future gen- 
erations, npoti i-eading the M4canique Cileate, shall not forget the es- 
teem and friendship which I have entertained toward ita author," 

On tho 17tL Prairial, iu the year XIII, the general, now become Em- 
peror, wrote from Milan : " The Mecanique Celeste appears to me des- 
tined to shed new luster on the age in which we live." 

Pinaliy, on the 12th of August, 1812, Napoleon, who had ju?t received 
the Traits du Calcul des Probabilitea wrote &om Witepask the letter 
which we transcribe textnally : 

"There was a time when I would have read with interest your Traitfi 
du Calcul des ProbabUitis. For the present, I must confine myself to 
expressing to you the satis&ction which I expeneace every time that I 
see you give to the world new works which serve to improve and ex- 
tend the most important of the sciences and contribute to the glory 
of the nation. The advancement and the improvement of mathemati- 
ical science are connected with the prosperity of the state." 

I have now arrived at the conclusion of the task which I had im- 
posed upon myself. I shall be pardoned for having given so detailed 
an exposition of the principal discoveries for which philosophy, astron- 
omy, and navigation are indebted to oor geometers. 

It has appeared to me that in thus tracing the glorious past, I have 
shown our coutf^mporaries the full extent of their duty towards the 
country. In fact, it is for nations especially to bear in remembrance 
the ancient .adage, noblesse oblige. 

Appendix A. 

The following is a brief notice of some other interesting results of the 
researches of Laplace which have not been mentioned iu the text : 

Method for determining the orbits of comets. — Siuce comets are gen- 
erally visible only during a few days or weeks at the utmost, the 
determination of their orbits ip attended with peculiar difficulties. 
The method devised by Newton for effecting this object was in every 
respect worthy of his genius. Its practical value was illustrated by the 
brilliant researches of Halley on cometary orbits. It necessitated, bon:- 
ever, a long train of tedious calculations, and, in consequence, was not 
much used, astronomers generally preferring to attain the same end by 
a tentative process. In the year 1780, Laplace communicated to the 
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Academy of Sctencea an analytical method for determining the elements 
of a comet's orbit. This method has been extensively employed in 
f ranee. Indeed, previously to the appearance of Olbers's method, abont 
the close of the last century, it furnished the easiest and most expedi- 
tious process hitherto devisecl for calculating the parabolic elements of 
a comet's orbit. 

Invariable plane of the solar system. — In consequence of the mutual 
perturbations or the different budies of the planetary system, tbe planes 
of the orbits in which tbey revolve are perpetually varying iu position. 
It becomes, therefore, desirable to ascertain some fixed plane to which 
the movements of the planets in all ages may be referred, so that the 
observations of one epoch might be rendered readily comparable with 
those of another. This object was accomplished by Laplace, who dis- 
covered that notwithstanding the perpetual tluctuations of the planetary 
orbits, there exists a fixed plane, to which the positions of the various 
bodies may at any instant be easily referred. This plane passes through 
the center of gravity of the solar system, and its position is such that 
if the movements of the planets be projected upon it, and if the mass of 
each planet bo multiplied by the area which it describes in u given time, 
the sum' of such products will be a maximum. The position of tbe plane 
for the year 1750 has been calculated by referring it to the ecliptic of 
that year. In this way it has been found thut the inclination of the 
plane is 1<> 3ii' 31", and that the longitude of the ascending node is 1U2<^ 
57' 30". The position of the plane when calculated for the year 195U, 
with respect to the ecliptic of 1750, gives 1° 35* 31" for the inclination, 
and 102^^ 57' 15" for the longitude of the aaceudiug node. It will be 
seen that a very satisfactory accordance exists between tbe elements of 
the position of the iuvariable plane tbr the two epochs. 

Diminution of the obliquity of tlie ecliptic. — The astronomei^ of the 
eighteenth century had fouod, by a comparison of ancient with modern 
observations, that the obliquity of the ecliptic is slowly diminishing from 
century to century. Tbe researches of geometers on the theory of gravi- 
tation had shown that an effect of this kind must be produced by the 
disturbing action of the planets on the earth. Laplace determined the 
secular displacement of the plane of the earth's orbit due to each of the 
planets, and in this way ascertained tbe whole effect of perturbation upon 
the obliquity of the ecliptic A comparison which he instituted between 
the results or his formula and an ancient observation recorded in tbe 
Chinese Annals exhibited a most satisfactory aecordance. The obser- 
vation in question indicated the obliquity of the ecliptic for the year 1100 
before the Christian era to be 23° 54' 2"-5. According to the principles 
of the theory of gravitation, the obliquity for the same epoch would be 
23° 51' 30". 

Limits of the obliquity of the ecliptic modified by the action of Hie sun 
atidmoon i^on the terrestrial spheroid. — The ecliptic will not continue 
indefinitely to approach the equator. After attaining a certain Utnit, it 
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■Will then vary Id tlie opposite direction, and tlie obliquity will contimially 
increase la like maaner as it previouBly diminished. Finally, the in. 
clinatiou of the equator and the ecliptic will attain a certain maximdm 
value, and then the obliquity will again diminish. Thus the angle.con- 
tained between the two planes will perpetually oscillate within certain 
limits. The extent of variation is inconsiderable. Laplace found-tJiat, 
in consequence of the spheroidal figure of the earth, it is even lees Hian 
it would otherwise have been. This will be readily understood, when 
we state that the disturbing action of the son and moon upon the ter- 
restrial spheroid produces an oscillation of the earth's axis which occa- 
sions a periodic variation of the obliquity of the ecliptic. Now, as the 
plane of the ecliptic approaches ihe equator, the mean disturbing action 
of the sun and moou upon the redundant matter aecumulated around 
the latter will undergo a corresponding variation, and hence will arise 
an inconceivably slow movement of the plane of the equator, which will 
necessarily affect the obliquity of the ecliptic. Laplace found that if it 
were not for this cause, the obliquity of the ecliptic would oscillate to 
the extent of 4° 53' 33" on each side of a mean value, but that when the 
movements of both planes are taken into account, the extent of oscilla- 
tion is reduced to 1° 33' 45". 

Variation of the length of the tropical year. — The disturbing action 
of the sun and moon upon the terrestrial spheroid occnsiov a continual 
regression of the equinoctial points, and hence arises tijfe distiuction 
between the sidereal and tropical year. The effect is modified in a small 
degree by the variation of the plane of the ecliptic, which tends to produce 
a progression of the equinoxes. If the movement of the equinoctial points 
arising from these combined causes was uniform, the length of the tropi- 
cal year would be manifestly invariable. Theory, however, indicates 
that for ages past the rate of regression has been slowly increasing, and 
consequently the length of the tropical year has been gradually dimin- 
ishing. The rate of diminution is exceedingly small. Laplace found 
thiit it amounts to somewhat leas than half a second in a century. Con- 
sequently the length of the tTopioal year is now about ten seconds less 
than it was in the time of Hipparchus. 

lAmits of variation of the tropical year modified by the disturbing 
action of tke sun and mooK upon the terrestrial spheroid. — The tropical 
year will not continue indefinitely to diminish in length. When it has 
ouce attained a certain minimum value, it will then increase, until finally 
having attained an extreme value in the opposite direction, it will again 
begin to diminish, and thns it will perpetually oscillate between certain 
fixed limits. Laplace found that the extent to which the tropical year 
is liable to vary from this cause amounts to 38 seconds. If it were net 
for the effect produced upon the inclination of the equator to the eclip- 
tic by the mean disturbing action of the sun and moon upon the ter- 
restrial spheroid, the extent of variation would amount to 10^ seconds. 

Motion of tlie perihelion of the terrestrial orbit. — The major axis of 
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the orbit of each planet ie Id a state of continaal movemeiit from the 
distarbing action of the other planeta. In some cases it makes the com- 
plete torn: of the heavens } in others it merely oscillates around a mean 
position. In the case of the earth's orbit, the perihelion is slowly ad- 
Tancing in the same direction as that in which all the planets are re- 
volving around the son. The alteration of its positioo with respect to 
the stars amoants to abont 11" in a year, bat since the equinox is re- 
gressing in the opposite direction at the rate of 50" in a year, the whole 
annual vHriation of the longitude of the terrestrial perihelion amounts 
to 61". Laplace has considered two remarkable epochs in connection 
with this tact, viz, the epoch at which the major axis of the earth's orbit 
co-incided with the line of the equinoxes, and the epoch at which it stood 
perpendicular to that line. By calculation he found the former of these 
epochs to be referable to the year 4107 B. 0., and the latter to the 
year 1245 A. D. He accordingly suggested that the latter should be 
used as a universal epoch for the regulation of chronological occurrences. 



n,g,t,7l.dM,GOOglC 



EULOGY ON QDETELET. 



Abbtract of an Essay upon his Life anu Works, by Ed. Maiu.7. 



(Tcaoilated to tbe SmitJiBaaiaD IjuUtaticm Cnm the Anmia^v tfi rAdnfamla TOyalsof Belelam for 1 673,] 

Lambert Adolpbe Quetelet was boni at Ghent on the 22d of February, 
1796. He was educated at the lyceum of his native town, and early 
showed that nature had endowed bioi, not only with a vivid imagina- 
tion and a mind of power, but also with the precions f^ft of indomitable 
perseverance. He carried away all the prizes of his school, and at the 
same time wrote poetry which attracted considerable attention. He 
also manifested a talent for art;, and a drawing of his gained the first 
prize at the lyceum of Ghent in 1812. 

Having lost his father when only seven years of age, and bis family 
not being able to support him, be was obliged, as soon as he bad com- 
pleted his conrse at tJie lyceum, to enter, as a teacher, the institution 
fiir public instrnction at Andenarde. Here he remained a year, teach- 
ing mathematics, drawing, and grammar; he was then given a master- 
ship in his native town. In 1815 the lyceum at Ghent, by order of the 
mnnicipal coancil, was converted into a university, and Qnetelet was ap- 
pointed professor of mathematics. He received his nomination on his 
nineteenth birthday. There was'nothing brilliant in the lot which had 
thus far fallen to bim, bnt it secured the means of existence, and left 
him at liberty to devote himself to art, literatnre, and. science. 

His most intimate companion, with whom he shared all bis tastes, 
was O. Dandeliu, who had been his fellow-pupil at the lyceom. The 
two friends at one time appear to have been seized with a dramatic 
ftaror, and, with the assistance of a distingnished mnsicJan, composed a 
grand prose opera in one act, called "JoAn the Second, or diaries ^ 
Fifth, in the icalk of Ohent." It was represented in the theater of Ghent, 
on the 18th of December, 1816. Its success appears to have been moder- 
ate, since it was only played twice, and was withdrawn on the plea that it 
excited the galleries too much. Be this as it may, with it euded the 
dramatic career of the authors. They had, however, in preparation, 
two other pieces, Th^ Two TrotAadourtstad The Jester, but before the com- 
pletion of these Dandelin was appointed second lieutenant of engineers, 
and ordered to Namnr, while Qaetelet was won back to the pnrsnit of 
science through the inflneuce of his associate, Professor Gamier. 

In 1819 he passed his examination and received the degree of Doctor 
of Science, the first conferred by the new university. In honor of the 
event be gave a banquet, which was attended by many of the pnblic 
functionaries, as well as the professors and papils of the university. 



170 EULOGY ON QDETELET. 

His iaangaral address gave brilliant promise of bis fature success. It 
was divided iuto two parts: la tbe flrst lie showed thattbe locus of tiie 
<;entera of a series of circleii, tangents to two giveo circles of position, 
is always a conic section ; in the second he exhibited a new curve 
of tbe third degree, the/ocate, the locus of the foci of all the conic seo- 
tioDS, determined by a transversal plane, revolving around a certain 
point, npon the surface of a vertical eoae. The discovery of this curve 
was an important addition to mathematics, and the term focale is as 
inseparably connected with the name of Quetelet, as cycloid with that of 
hie favorite author Pascal. Among the themes he submitt«d to the 
university iu addition to his address, was a Latin essay upon the ques- 
tion whether aerolites are projected from the moon. 

On the occasion of the laying of the corner-atone of the university 
buildings, a bauquet was given, preceded by a literary meeting, at 
which was read a poem by Quetelet upon the death of Gretry. This 
production, full of beantiful versification and expressions of exquisite 
sensibility, procured for him an introdnction to M. Talk, miuister of 
public instruction, who, with tbe interest excited by a young man at 
once a poet and a geometer, a man of letters and of science, caused him 
to be nominated to a professorship at the Athemeum of Brussels. 

His first act on arriving at Brussels was to pay his respects to Com- 
mandant Nienport, then in bis seventy-third year, and who might be 
said to be the only representative of the exact sciences iu Belgium. Be 
had read the inaugural address of the young doctor, and appreciated, 
as it deserved, the discovery of tbe focale. Stimulated by the encour- 
agement be received, Quetelet continued his labors in this direction, 
and published in 18L9, in the Annates Belgiqm, an article under the 
title of Some new properties of the focale and of some other curves. This 
was favorably noticed by Gamier, bis former preceptor at Ghent, and 
procured bis election as a member of the Belgian Academy on tbe Ist 
of February, 1820. He was then twenty-four years of age. 

He soon won the high regard of his associates in the academy, among 
whom were the talented Oomelissen and the renowned chemist Van 
Mons, whose niece he afterward married. Tbe first use be made of bis 
influence was to procure tbe tlectiou of his friend Dandeliu and of 
Barou Eeiffeuberg, third regent of the athemeum, afterward professor 
of philosophy at the university of Ijouvain. The latter lodged in the 
same house with Quetelet, and soon became ardently attached to him. 
He was in intimate intercoarse and a great favorite with the French 
refugees then in Brussels, and introduced to them his new friend. 
Among them were such men as David, Arnault, Boryde Saint Vincent, 
Berber, Merlin, &c., who, if tbey bad been won by tbe ready and bril- 
liant wit of Keiffenberg, were equally attracted by the more solid quali- 
ti9a of Quetelet. His relations with tbe refugees did not, however, pre- 
vent him from forming other associations; be sought out and made 
fi-ieuds of the artists of tbe city, joined a literary society which had just 



THJLOGT ON QUETELET. 171 

been formed, and became a member of the reading committee for tbe 
royal theaters. la the latter capacity be bad free access to a stage 
wliicli was favored each year by Taltna, Mile, Mars, and the principal 
French comedians of the day. 

The literary society pablished annnally a poetical almanac, the twen- 
tieth aod last volnme of which appeared in 1825, when the society quietly 
ceased to exist. Quetelet was a contributor, and, as his poetical life ■ 
seems also to have ended about this time, it taay be well to notice here 
some of the pieces published by him since the Eulogy on Gritry. The 
article entitled 'Tfte la»t moments " resembles somewhat, but is inferior 
to, the ^^Farewelt of tkepoet to kis lamp," one of his best pieces. "TAe 19f& 
of January, or the night-watch of the ladies,^' contains some charming 
lines. All ode to Xollens is in the style of Horace, the favorite poet 
of Quetelet. An ode to Odevare, a painter, greatly admired in 1821, 
although now but little known, ismuch more elevated in character. The 
inveatiturc of the principality of Orange, given by Ckarkmagne to William 
the Cornet, wasalsoably treated in verse by ourassociate. Works of the 
imagination, whether in prose or verse, greatly interested Quetelet. His 
.^'Essay upon Eomance,'" published in 1823 in Be^ic Annals, bus lost none 
of its interest, and, with bis poetry, ought to be reprinted. He studied 
the romances of different nations, translated into verse Schiller's tale 
called "The Knight of Toggenburg," and into prose various Spanish 
and English ballads. 

He had no predilection for the classical, in literature or art, and says, 
of modern painting, "The pictures of antiquity, full of life and genius 
as tboy are, can never produce in our minds the illusive effect they bad 
upon the Greeks and the Romans. Flora, Zephyr, Venus, so charming 
iu their pictures, are seldom so in ours. It is no doubt good to be the 
echo of antiquity, but only those can understand the sounds repeated 
who can go back to past ages and assume for the moment their religion 
and national character. Let ns imitate the Greeks iu their simplicity 
and in their admirable portraiture of nature, but let us have, as they did, 
oar own heroes, our groves, atul our religion. What would the age of 
Pencles have said if Euripides and Sophocles had represented only 
Osirus or the mysterious ^tea of the Egyptians I" 

'T/ie Lords of the Cattle" and "The Countess Ida," (fables,) "My Lit- 
tle Boat," an allegorical ballad, dedicated to M. Falk, an elegy upon the 
death of Adolph Delemer, an ode to Orion, translated from the I>ntcb 
of Ifieuland, a translation of a portion of Byron's "Siege of CorintJi," 
and the ^'Scald and Lysis," a romance, are among others of his poetical 
pieces worthy of mention. Tbe latter was commended by the classic 
Kaoul in tbe ^'Belgic Mereury." He sajs, in reference to it, " Quetelet, 
with whom poetry is only a relaxation, writes verse with great focility. 
He isof the number of those who illustrate the truth that the muses are 
sisters." 
- We have endeavored to give some idea of Quetelet as a poet, a inau 
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of letters, and a geometer, and before proceeding to consider bim as a 
pbysicist, aHtronomer, and statistician we sball see bow be filled the 
oCQce of professor. When first appointed to the Atbenteum of Brussels, 
he occupied only a very snbordinate position, as professor of elementary 
mathematics, but he was soon promoted, and his duties mncb extended. 
In 1S24 we find him teaching at the athenteom the descriptive geometry 
of Menge, the theory of shades and perspective, the calcnlation of prob- 
abilities of La Croix, higher algebra, aod analytical geometry ; while he 
was also giving a public course of lectures at the mnsenm opou experi- 
nientat physics, the elements of astronomy, and of differential and 
integral calculus. 

He was very highly esteemed by his pupils. There was something 
about him at once imposing and amiable, while there was a complete 
abeeuce of anything like pedantry or haughtiness. Although marked 
with small-pox, bis physiognomy wasrofined and impressive; itwasouly 
necessary to fix bis large dark eyes, surmounted with heavy black brows, 
upon the refractory, to insure at once silence and snbmission. On ac- 
count of the ioefBcieucy of bis assistants, he was obliged each year to 
commence arithmetic, algebra, and geometry. He separated his pupils, 
according to their ability, into two classes, occupying adjoining rooms, 
and he would pass from one to the other apartment, experiencing no 
difGcalty in preserving silence in both. He was as simple and natund 
lu bis teaching as in everything else. He reduced arithmetic to a few 
general principles, and, as soon as he had initiated his pupils in the 
notation of algebra, showed bow this admirable instrument could be 
used to resolve all ordinary questions relating to numbers. His talent 
for drawing was displayed by the geometrical figures he formed with 
chalk upon the blackboard to illustrate his teachings. At the Athe- 
Dffium his courses attracted numerous auditors from all classes of so- 
ciety. He had a special talent for exposition, and knew how to use to 
iadvantage the few instruments he had at command. He disliked to 
ma'ke experiments with complicated apparatus, which he said was apt 
to divert the attention from the results exhibited ; he considered that 
only indispensable articles, such as the scales, an electric machine, a 
voltaic pile, and a few other simple imstiuments need be provided. 

For the use of his public courses he published several elementary 
works. The first, upon astronomy, appeared in Paris in 1826. It has 
been reprinted many times in France and Belgium and translated into 
several languages. It was followed by one upon natural philosophy, 
which was intended to enable his pupils at the museum to correct the 
notes hurriedly taken at the time of the lecture and often erroneous. We 
have said that he disliked complicated apparatus in teaehing the ele- 
ments of -physics, and be accordingly prepared a small volume, the object 
of which was to describe observations and experiments which could be 
easily made by any one. This was published in 1832, and tbe author 
intended to follow it with other works of tbe same kind upon mague- 
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tism, electricity, light, &c. In 1828 he published a review of the lectnres 
given at the museum upoD the calculus of probabilities, as an iotroduc- 
tion to his couTBe of pby sica and astronomy. 

Th^ public lectures of Quetelet were such a success that the govern- 
ment considered it advisable to institute other courses of the same hind, 
and on the third of March, 1827, was installed the Museum of Science 
and Letters, with a corps of efScient professors in the various branches 
of science and literature. In the review of the lecture with which, (faree 
days later, Qnet^let opened his course, we find one of his favorite ideas: 
" TLe more progress physical sciences make, the more they tend to 
enter the domain of mathematics, which is a kind of centre to, which 
they all converge. We may even judge of the degree of perfection to 
which a science has arrived by the facility with which it may be sub- 
mitted to calculation." The musenm continued to exist for eight years. 
AftM* suffering with all the other edncntional establishments of thd 
eouDtry from the effects of the revolution, it was absorbed into the fi»ee 
university in 1834, and Quetelet ceased bis public instruction after 
twenty years of service. He soon commenced again, however, having 
been appointed professor of astronomy and geodesy to the military 
school, by a royal decree, on tbe 6th of January, 1836. Among his pu- 
pils at the Atheoienm were the Dnke of Saxe Ooburg Gotha and the 
late Prince Consort of England, who always retained a warm affection 
for his preceptor. 

We have said that Quetelet was only twenty -four years of age when 
mude a member of the Brussels Academy. His first contribution, 
"A memoir upon a general formula for determining the surface of a polygon, 
formed on a sphere, lyy the aros of great or Httledrcles, Msposed in any man- 
ner wltatever,^ was an admirable production. Gamier said of it, that 
its elegant simplicity and the symmetry of the formula lent interest to 
a subject which would otherwise have appeared very dry. His second 
memoii', "A netc theory of conic sections considered in the solid,'" did him 
great honor. His third paper was upon the paths followed by light 
and claatic bodies. We have now come to a subject which occupied much 
of bis attention, to which he devoted three memoirs presented to the 
academy, and numerous articles in the Correspondance Mathematiqve et 
PAystgwe— that is, caustic currea. In one of those articles he gives the 
following theorem, which in importance is worthy to be ranked with the 
discovery of the focale : " The caustic by reflexion, or by refractiou for 
au{ curve whatever, illuminated by a radiant point, is the development 
of another curve, which has the property of being the envelope of all 
the cirdes, which have their centers upon the reflecting or directing 
curve, and of which the radii are equal to the distances of the centers 
fj-om the radiant point in the first case, and proportional to these same 
distances iu the second case ; the constant relation being that of the 
sine of incidence to the sine of refraction." It was easy to extend this 
theorem to surfaces, considering spheres enveloped instead of oircles. 

C.oo^lc 
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The memoirs presented to the academy were, 5'ebrnary 3, 1823, "Djwn 
circular conehoide; " November 3, 1825, "Review of a new theory of caut- 
ties followed by different applications to the theory of stereographic projee- 
ttons." These researches attracted the attention of Gergoniie and other 
distinguished geometers, and were particalarly noticed by the illostrioua 
French mathematician, Obasles, after the Correspondence Mat. and Pkys. 
had given them notoriety. We mention two other papers read t>efore 
the Academy. One, "A memoir upon some graphical cottstrwctions of the 
planetary orbits,*' and the other " upon different suf^ects of geometry of 
tJtree dimensions,^ presented October 28, 1826. 

In 1823 commenced the efforts to fonnd an observatory in Belgiam. 
The especial aptitudes of Quetelet pointed him ont as tlie best person - 
to complet« the enterprise, and, thanks to M.Fallc,then minister of the 
interior, he was commissioned to go to Paris to stndy the practice of 
astronomy. His own acconnt of his first visit to the observatory tnay 
not be uninteresting : " I arrived at Paris near the close of the year 
1823, with the prospect of founding an observatory in Belgium, bnt at 
the same time with a thorough conviction of my want of knowledge of 
practical astronomy. I went immediately to the royal observatory, but 
on entering this building, distinguished by historical associations, I was 
more than ever oppressed with a sense of my deficiencies. I had not 
even a letter of introdnction to rdieve the embarrassment of a first visit. 
I mounted with sufScient assarance the grand staircase, but when 1 
found myself before the doors of Arago and Bonvard I stood for some 
time irre^ohita I was about to knock at the first, when Bouvard 
opened bis and came out, on his way to the observing-halls. He asked 
me what I wanted. I at once told bim my history, to which the excel- 
lent man seemed to listen with interest. He then introduced me to the 
observingrooms, into the prescneeof the great astronomical instruments, 
to me a novel and wonderful sif^bt. With great kindness he explained 
their purpose and use, and gave me permission to observe whenever I 
chose to do so. I availed myself of this permission that very evening, 
and to my surprise was allowed access, freely and alone, to the instru- 
ments and records of the observatory. I came day after day, and always 
with the same confidence accorded I From time to time the kind Bouvard 
examined my observations and always with encouraging words. He 
gradually manifested more and more affection for me, offeret] to initiate 
me into the practical calculus of astronomy, and from that time directed 
all my studies, with a care truly paternal. Not content with these lUftn- 
ifestations of kindness, he invited me to his house, presented me to his 
finends, among others to La Place and Poissou, admitted me to his 
Friday dinners, and I became in some sort a member of bis household." 
Quetelet remained in Paris several months, and had the honor of l>eing 
presented to the institute by Alexander von Hnmboldt. He returned to 
Brussels on the first of March, 1824. 
To fit himself still further for the ofBce of director of the new obser- 



EDLOGT ON QDETELBT. 175 

vatofy, be was Bent to tbe piiaeipal ostablishmeiits of the kind in Europe, 
and on tbis tonr he was accompanied by his wife. He had married on 
the 20th of September, 1825, the daagbter of a French physician, and 
the niece of the chemist Van Mods. To an intimate acquaintance with 
the usages of polite society this lady united a ready wit and not in- 
considerable literary attainments. Sbe was also an excellent musician. 
Obliged at an early age to preside in the house of her father, where 
was congregated the best society of Brussels, she acquired ease and 
grace of manner, and was well prepared to assiHtber husband when, in 
after years, be had arrived at distinction, and exercised s generous hos- 
pitality toward the distinguished strangers of every country who visited 
the observatory. During his journey, Quetelet made tbe acquaintance 
of some of the most distinguished men of tbe age, of Herscbel, Schu- 
macher, Granss, Olders, and others, and at Weimar be had the pleasure 
of assisting in the celebration of the eightieth birthday of Goethe, with 
whom he remained eight days. The great poet showed him bis experi- 
ments in optics, and entertained him with bis theory of colors. He was 
also present at tbe conference of German naturalists, held at Heidel- 
berg on tbe 18th of September. 

While waiting tbe completion of his plans in regard to the observa- 
tory, he, in coujunctioo with M. Gamier, established tbe periodical La, 
Correspondance MathSmatigue et Phj/siquCf'to which the most eminent 
men of the ag« were willing contributors. This publication continued 
without iutermission till 1839, when Qaetelet was obliged to resign its 
supervision on account of tbe pressing nature of bis engagements as 
permanent secretary to tbe academy, to which office he had been elected 
in ISSi. 

The erection of the observatory was decided upon on the Stb of June, 
1826. It was constructed according to the plans of Quetelet, but was 
not finished till after many vicissitudes, occasioned principally by tbe 
political events of 1830. He had beeu appointed to the directorship in 
1818, but the observatory was not completed until 1832. He then im- 
mediately commenced bis labors, of which it would occupy too mncb 
space to give even a list. They included meteorology, terrestrial physics, 
astronomy, the collection of materials for the Annates Annuaires of the 
observatory, and the other special works in which he has brought together 
the results of his researches. In the early days of the observatory, all 
tbe attention of Quetelet was directed toward meteorology and terres- 
trial physics. The elements ofthese two sciences bad been almost totally 
neglected in Belgium, and bis first desire was to correct this grave error, 
a task in which lie perfectly succeeded. He has given the results of his 
persevering observations in his works Upon the climate of Belgium, and 
Upon the physics of tJie Globe, and thus tbe basis of the meteorology of 
Belgium was established. Tbe meteorological observations were com 
menced in 1833, and also tbe observations for tbe determination of the 
latitude and longitude of tbe establishment. At that time Quetelet pos- 
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sessed only very few aod very inferior sstroDomicalinsLramenta. In the 
month of July, 1835, the meridian telescope and the tnaral circle were 
pat in position, hat the equatorial was not mounted until Jnne of the fol- 
lowing year. Qnetelet was anxious to have the turning-dome for the 
eqoatorial ready in time to observe Halley's comet, the return of which 
was looked for with great interest hy all Europe, but in spito of all his 
efforts, aud the good-will of the government, be was disappointed, and 
was obliged to follow the course of this eccentrio wanderer with only his 
telescope. 

The determination of the difference of longitude between the observato- 
ries of Brussels and Greenwich was later a source of great anxiety as well 
as interest to bim, when, in 1853, a trial was made of the new electrical 
telegraph for this purpose. Two successful attempts of the kind had 
been made in America, but the distance between the two places, the in- 
tervention of tbe aea, the great repntation of the director of the obser- 
vatory of Greenwich, and the responsibility assnmed before the world, 
rendered Quetelet very solicitous as to the result of his co-operation, and 
his anxiety did not cease until the two sealed packets, contaioingthe ob- 
aervatioDS made simnltaneonsly at Greenwich and Brussels, which were 
by common consent opened on tbe same day in botli places, proved the 
resnit to be entirely satisfiictory. A similar attempt was made in 1868 
between Brussels and Leyden. 

At the time the observatory was erected, clocks and watches through- 
out the country were i-egulated only by sun-dials, and as these were often 
defective and liable to get out of order, it frequently happened that there 
wonid be a difference in time of from 20 to 25 minut«s between tbe 
clocks of different towns, and even between those of tbe same city. Tbe 
establishment of railroads necessitated more precision, and on tbe22d 
of February, 1836, a royal decree enacted that a meridian sbould be traced 
and an instrument of observation be established in forty -one of tbe prin- 
cipal cities of the kingdom. Tbe execntiou of this work was intrusted 
to Quetelet. 

From 1841 to 1845 the observatory of Brussels was the center of a 
vast meteorological net-work, which comprised more than eighty stations 
in Europe and in the north of Asia. Its director publiehed the results 
of this great enterprise, with a large number of plates, showing tbe 
course and rapidity of tbe movements of the atmospheric waves. He also 
made many observations upon the temperature of the earth, and an un- 
intemipted senes of observations of the elements of terrestrial magnet* 
ism. But, perhaps, the most remarkable works of Quetelet were the 
papers be published on his observations of the periodical phenomena of 
plants and animals. These gave an impulse to similar studies through- 
ont the whole of Europe, aud he may on this account be considered as 
the foaoder of a new science. 

As a class for tbe study of the fine arts had been added to tbe 
academy, and other changes made, it was deemed advisable to form a 

, Cookie 
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new institution, and on the lOtli of December, 1845, was eatabltsbed The 
SoyalAeademyof Science, Letters, andFineArtaof BrusseU. Tbefirsteom- 
iDuiiicatioQ made bj Qiietelet to the new establisbment was upon the 
history of art in Belgium ; the manners and customs of the people at 
difi'ereut ages; their habitations, ornaments, furniture, the instruments 
they used to supply tlie needs of life, &c. He recommended the formsi- 
tion of an ethnological museam to assist in the study of various types 
of the hnman race as well as of their habits, and in 1847, through his 
instrumentality, was formed the Museum of Antiquities of Belgium. 

In 1853 Quetelet was appointed president of the maritime conference 
held at Brussels on the snggestions of Lieutenant (atterward Captain) 
Maury. Its purpose was to establish a system of nniform observations 
at sea. 

The regular astronomical obser\'ations of the Brussels Observatory 
commenced in 1S36, although the small corps of the establishment, and 
the attention given to meteorological observations, did not permit of a 
great field of work. The observations made from 1337 to 1839 famish 
in the Annals of the Observatory a catalogue of 666 stars. From 18i8 
these observations were carried on with renewed ardor; but all tbo 
regularity Quetelet desired could not be secured until 1857. From this 
year a great work has been continued up to the present day. We refer 
to the catalogue of 10,000 stars, still in preparation, bnt which will soon 
he published, completing the monument raised to astronomical science 
by Adolphe Quetelet, and his son 3f. Earnest Quetelet, who during 
nearly eighteen years has shared the work of the observatory, and whose 
labors have not been interrupted by his father's death. 

Adolphe Qaetelet contributed greatly to the progress of the study of 
shooting-stafs, about the nature of which little was then known. His 
attention was first turned to them in 1819, when he wrote bis thesis upon 
the orign of aerolites, and a few years later, he gave, in the first number 
of the Correspondance, a method for determining the height of a meteor 
from two observations in different places. In 1826 simultaneous obser- 
vations were organized by his efforts at Brussels, Gand, and Liege. He 
then ahaadoncd the subject, and did not take it up again until ten years 
later, when he resnmed his observations, and continued them for the 
rest of his life. He first called attention to the periodicity of the star- 
showers of the 10th of August, and stimulated astronomers of his own and 
other countries to make numerous observations, which, taken together, 
have prepared the way for the remarkable theories now formed as to 
the character of these interesting meteors. We are indebted to bim for 
very valuable catalogues of their appearances, and also for conscientious 
and precise researches on their frequency and on the several peculiari- 
ties they present. 

The direction of the establishment confided to bis care did not hindei 

bim from devoting himself to studies of another order, which show the 

variety of his powers and the habitual industry of his life. We refer 

to the statistical works, which obtained for bim a high place in the wo'''* 
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of s(d«aGe. His first momoir upon this nnbj(>Gt, The laws of birfJi and 
mortalilif in Brussels, was read before tbe academy on the 4th'of Juue, 
1825. "The establishment of life-iosnrance companies ia our prov- 
inces," says the author, "onil the desire to see these liiuduble and, if 
well conducted, benevolent institutions continued among us has induced 
me to make some researches iuto the laws of birth and of mortality." 

After showing that during the preceding year the births and the 
denths had followed almost exactly in the same proportion the varia- 
tions of the thermometer, only in contrary directions, he gives some 
tables of mortality and population, with distinctiou of sex, and shows 
how they might be made of use in tbe speculations of the life-insurance 
companies. Two important remarks appear in the memoir. One, that 
tbe annual number of births and of deaths corresponds to a sinusoid, of 
which the abscissas represent tbe different times of the year, aud tbe 
ordiuates the number of births or of deaths at these seasons. The 
other verifies the observation of Malthns, that the number of births 
increases when through any accidental cause an unusual loss of life has 
been sustained by a population. Another memoir, in 1827, upon the 
births, deaths, prisons, and poor-houses of the Pays-Bas, was intended 
to complete and develop the preceding. It contained another table of 
mortality for the lower provinces, but without distinction of sex. 
Researches vpon population next ap]>eared, and in 1828 Statistical re- 
aearclws in the kingdom of the Netherlands. In the imi>ortance of the facts 
given, in breadth of view and novelty of deduction, this memoir is 
superior to the two preceding. A short introduction gives the origin, 
aim, resources, and use of stJitistlcs, tbe degree of probability which 
may be obtained in deductions from them, the uncertainty, which can 
never be entirely overcome, aud the objections of ignorance and false 
knowledge. The author divides the subject as follows : Extent of the 
kiiigilom of -the Xetherlands; population; imposts and commerce; 
libraries and daily papers; educational and benevolent institutions; 
crimes and delinquencies; comparative examination of the different 
parts of the kingdom. Some of the results obtained are very striking. 
Thus, in comparing the fecundity of marriage with us and with the 
English, he says : " Great Britain produces less than our country, but 
her fruit is more durable. She gives birth to fewer citizens, but she pre- 
serves them better. If her fecuudity is less, her useful men are more 
numerous, and generations are not as often renewed to tbe detriment of 
the nation. Man during his early years lives at the expense of society. 
He contracts a debt which be ought some time to pay, and if he fails to do 
so, his existence has been a loss instead of a gain to his fellow-citizens." 

Speaking of crimicjals and delinquents, he says; "The proportion 
condemned to the number accused iu the criminal and police courts is 
the same iu Belgium and in France ; but iu the cotfrts of nssiee tbe 
proportion of the coudcmued to the accused iu Belgium is 84 to 100, 
while in France and Eugtaud it is only 65 ; a fact due to tbe want of 
the jury in Belgium at tbe time the observations were made. When that 
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instilntion was rcstoretl, the nnmber of tlie oODtlenined was reduced to 
that of France. The author tlieu gives a table indicatiiig the number 
of crimes committed at different ages, aud also giving the amount of 
what he cal!s the tendency to crime. 

" What is very remarkable," he observes, " is the frightful regularity 
with which crimes are repeated. Year after year are recorded the same 
crimes, in the same order, with the same punisliments ; in the same pro- 
portions. Sorrowful condition of the hiimau nice! The number eoii- 
demued to the prison, irons, and the s<»ilfoId is as certain as the revenue 
of the state. We can tell in advance how many individuals will poison 
their fellows, how many will stain their hands with human blood, how 
many will ba forgers, as surely as wo can predict the numbor of births 
and of deaths. 

Dnriug the years 1831 aud 1832 Quetelet devoted most of his time to- 
statistical researches, and the five following memoirs were the fruit of 
his labors: Upon the law of the growth of man; Upon the tendency tO' 
orime at different ages; Upon the iceiffht of man at different ages; Upon- 
reproditetion and mortality; and Statintics of the courts ofjuxtice of Belgium^ 
from tlie years 1826 to 1831. The researches in regiird to the size and 
weight of man wore new at the time. Quetelet found that the law of 
growth, at least from birih until the thirteenth year, could be repre- 
sented by a hyperbola. Twenty years later MM. Bravais and Martins- 
adopted a hyperbola as the curve of the diametrical increase of the- 
Korway pine, which is at least a singular coincidence. In the memoir 
upon the tendency to crime, he enlarges upon the ideas already given, 
passes in review the different causes wliich lead to the development or- 
suppression of this tendency, and denies the favorable influence ordi- 
narily attributed to education. "We too oiten," he says, "confound 
moral instrnctiou with the merely learning to read and write, which in 
many instances only provides new iustrnments for the commission of 
crime. On the other hand, as to the injurious moral effects of poverty, 
some of the provinces of France reputed to be poorest are also the- 
most virtuous. 

In connection with these two memoirs he says: "Man, without know-- 
ing it, and supposing that he acts of his own free will, is governed by 
certain laws from which he cannot escape. We may say that the humau: 
species, considered as a whole, belongs to the order of physical phenom- 
ena. The greater the number, the more the individual will is subordi-- 
Dated to the series of general results which proceed from general causes; 
that control the social condition. These causes ought to be sought out, . 
and only observation can discover theai," Man, as the author cousidecs. 
him, isanalogous to the center of gravity in a body. "If the average- 
man were determined for a nation, ho would represent the type of that 
nation ; if he could be determined for an assembly of all men, he would' 
represent the type of an entire human species. Althougb bis will is 
restrained within very narrow limits, man contains within him moral 
forces which distinguish him from the animal, aud by which he cai^^to 
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some extent, modify the laws of nature. These perturbing forces net so 
slowly that the modiflcations they produce may be called secular per' 
turbations, since they are analogous to those astronomical variations in 
the systems of the world which require centuries for their investigar 
tion. The study of the natural and perturbing forces of man, in other 
words, gDciaZ mecAanics, would develop laws as admirable as those which 
govern celestial and inanimate bodies. As tt> the accusatiou of materi- 
alism, to which these results are said to lead, it has been made so often 
whenever science has essayed a new step into the unknown regions of 
nature, that it is not worth while to answer it ; especially at the pres- 
ent day, wbeu it can no longer be followed by the rack or imprison- 
meut. Who can justly accuse us of iusulting the Diviuity, when we 
exercise the most noble faculties He has given ns in meditating upon 
the sublime laws of the universe, or in endeavoring to make manifest 
the admirable economy and infinite wisdom which presided over their 
formation I Or who can regard with indifference the sciences which 
have substituted for the narrow, insigniticant world of the ancients, our 
magnificent solar system, and so extended our starry vault that we can- 
not attempt to fathom its depths without a feeling of religious awe? 
Certaiuly a knowledge of the marvelous laws which govern the universe 
gives a much grander idea of the power of the Divinity than that which 
blind superstition would impose upon us. If the material pride of man 
is bumbled by the thought of the small space he occupies even upon 
the grain of dust he calls his world, how much he should rejoice in his 
intelligence, which allows him to penetrate so far into the secrets of the 
heavens. If science has advanced thus in the study of worlds, may we 
not look for equal progress in the study of man ! Is it not absurd to 
suppose that, while all else is controlled by admirable laws, the humaa 
race alone is abandoned to blind chance, and possesses no principle of 
conservation ¥ Such a belief is surely more injurious to the Diviuity 
than the research we propose. 

In 1832-'33 appeared an article "Upon tlie possibility of measuring the 
injluence of the caitses which modify social elements," and one " Upon the 
injiuence of tJie seasons upon the faculties of man." As soon as Quetelet 
obtained a new result be hastened to make it known, often before his 
idea was sufBciently matured or the fact at all certain, which accounts 
tor the repetition in his articles. This mode of working has some ad- 
vantages ; it excites interest and parallel efforts, but it occasions loss of 
time, and renders the co-ordination of the researches more difficult. In 
1835 appeared the admirable work, '^Man and tite development of his 
faculties;" or, "^w essay upon social physics." It is a review of all his 
previous works on statistics ; "a sketch," he calls it, "ofa vast picture, 
the details of which can only be supplied by patient investigation." It 
is divided into four volumes : the first two are devoted to the physical 
qualities of man, the third to his moral and intellectual qualities, and 
the fourth treats of the properties of the average man, and of the social 
—-•—^, The author considers, first, the determination of the average 



EULOGY ON QCBTELET. 181 

mail in general^ Becond, with respect to physical qualities. He then 
proceeds to examine all that relates to the life of man ; his birth, death, 
strength, height, agility, &c. We give some extracts; "The apprecia- 
tion of the physical qualities of the averiige man is by no means difficult, 
either when measured directly or through their effects j it is quite other- 
wise with the moral and intellectual qualities, though they also, to some 
extent, may be judged of through the effects they produce." "Man pos- 
sesses at his birth the germ of all tbe qualities which are suceessii'ely 
developed, to a greater or less degree; prudence predominates in one, 
imagiuatioQ in another, avarice in a third. We sometimes observe great 
Bizeiu proportion to age, or a precocious imagination, or nnasual rigor tu 
old age, and the fact alooe that we notice these exceptional cases proves 
that we are coascious of a general law of development, and even make 
Bse of it to form our judgment." The author successively considers the 
average man, first, with reference to letters and the fine arts; second, in 
relation to the medical or natural sciences. "Tbe consideration of the 
average man," be says, " is so important in medical science that it is almost 
impossibletojudgeof the condition of aa individual without comparing 
it with that of a fictitious being, supposed to he in the normal state; 
in fact, the average man we have been considering." Third, in relation to 
philosophy and morals; and, fourth, in relation to politics. It is qnite 
curious to see how he regards political systems. He is opposed to 
the system which consists, when there are two dominant ideas in a 
eouDti'y, iu taking a kind of mean between the two, but would found 
a system upon the elements common to all parties ; or, where there was 
divergence, upon tbe ideas held by tbe largest number. "Govern- 
ments," be says, " have their states of equilibrium, which may be either 
stable or unstable. The stable equilibrium exists when, alter action 
and reaction of every kind, a government constantly returns to its nor- 
mal condition. If, on the contrary, from any cause whatever, a govern- 
ment tends to diverge more and more from its normal condition, chang- 
ing constantly, without sofBcient motive, its form and institutions, its 
end is near. Revolutions are ouly the reactions of the people, or a 
party, against abases, real or supposed, and would not take place if the 
provocation did not exist. Tbe liberty of the press, singularly enough, 
by facilitating these reactions, renders great revolutions almost impos- 
slble, for it does not allow forces to accumulate. The reaction is mani- 
fested immediately after the action, sometimes almost before the action 
has time to propagute itself." This essay gave its author a high place 
in the scientific world. It was translated into both English and tiermau. 
We have not space to notice other papers upon statistics, which appeared 
in 1845-'4G-'48. He was happy iu bis application of mathematics to sta- 
tistical questions. He formulated tbe now well-known binomial theorem, 
and insisted, more especially in his last years, on its remarkable gener- 
ality. Ho organized the first statistical congress, which was held in Brus-' 
Bels in 1853, and was appointed its president. He was also president of 
the commission of statistics of the kingdom of Belgium. On account 
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of Ilia works on social statistics he was made, in 1S72, an associate of llie 
section of moral and political sciences of tlie Institute of France. Il6 
Lad long been a corresponding; member of tliis academy. 

He was a memlicrof tbo Ko.val Academ,v of Bclginm, as we bave said^ 
from 1S20, and beld tbe presidency of tbis learned body from 1S32 to 
1S35, and then succeeded M. Dewcz as perpetual secretary of ifs tliree 
divisions, science, literature, and tbe flue arts. We bave been able to 
notice only a few of tbe memoirs inserted in tbe publications of the 
academy. The bulletins of each seance arc, so to speak, crowded with his 
articles. One can see, by their inspection, with what care be registered 
all tbe remarkable phenomena which presented themselves dnring his 
long: career. Thanks especially to him, they, as well as tbe Annuaires and 
^MMttJesof the Observatory, will always be consulted with profit by those 
who wish closely to study the aurora borcalis, sbooting-stars, bolides, 
st«rms, cnxthquakes, and such phenomena, upon which attention is 
drawn so strongly at the present time, and of which, for tbe most part, 
a complete theory has not yet been formed. The correspondence which 
Quetelet bad with the official beads of science in diQ'erent countries 
contributed greatly to extend the relations of the academy, and to enrich 
its bulletins. 

The revolution of I84S was not a surprise to Quetelet ; be foresaw that 
tbe opposition of Louis Philippe to reforms, not in themselves to be feared, 
would cause some such catastrophe, but be did not anticipate tbe effect 
it would produce all over Europe. His attention, of course, at such a 
time was turned to politics, and in tbe month of March he presented to 
the academy a paper upon tbe nature of constitutional states, and some 
principles which may be derived from the consideration of them. Sev- 
eral other articles were also written by him on [wlitical subjects. Wo 
know that while other governments were falling, Belgium remained 
intact, and while distress and terror were reigning elsewhere, she pre- 
pared to celebrate the anniversary of her independence. The/e(e iu 
honor of the occasion was organized by Quetelet as bead of tbe artistic 
and literary circle, and never was a more brilliant entertainment given 
in Brussels. It evinced not only the good taste of Quetelet, but the 
extent of his influence. 

As to the private life of Quetelet, we have said that in 1825 he mar- 
ried Mademoiselle Crulet, niece of Professor Van Mous. Two children, 
a boy and a girl, were the fruit of this union. His mother and a young 
half-sister, who married an artist, M. Madou, formed tbe rest of his 
household. The children were educated at home. Madame Quetelet 
herself taught them to read, and they had a master for writing. Every 
Sunday a few friends were invited to dinner, and in the evening the 
house was open to visitors. There were conversation, music, and char 
rades. The latter were in great favor, and Quetelet himself often took 
part in them. Those who knew Quetelet only through his works, or 
when enleebled by age and disease, can have no idea of his gayety, 
wit, and cordiality. He thoroughly enjoyed a laugh, and Babelais was 
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almost as much of a favorite with bim as Pnscal. His conversation was 
a<1aiirable, briglit, merry, witty, coiidesceniling to tlie most trivial as 
well as embracing the most extended subjects in letters, science, and 
art. It was marlied occasionally by a vein of severity, which, however, 
never wounded any one, and only served to bring into stronger relief 
the amiable traits of bis character. He possessed the very rare faculty 
of knowing when to listen, and always managed to make his guests feel 
at ease. As the years passed, he attaini'd more and more a position of 
distinction. The husband of his sister became a painter of eminence; 
his daughter married a promising yoang artist, and his son, one of the 
best pupils of the military school, quitted the engineer corps of the 
array, when he had .ittainod the rank of lieutenant, to enter the observ- 
atory. Death soon deprived bim of his mother, whom he loved tenderly, 
but his wife remained his companion for thirty years. 

In the last years of bis life, when bis age warned him in vain to tate 
repose, he undertook a series of works which he intended to be an 
epitome of the labor of his life. In 18Gi appeared "The Bistort/ of 
Mathematical and Physical Science in Belgium ;" in X866, "Mathematical 
and Physical Science in Belgium, from the Commencement of the Nineteenth 
Century ; " in 1867, " The Meteorology of Belgium, compared wiiJi tliat of 
the World ; " in 1869, " Social Physics, or an Essay upon the Development of 
the Faculties of Man ; " in 1870, "Anthropometry, or Measure of the Fac- 
ulties of Man." If death bad not overtateu him be would have com- 
pleted tbe series by a new edition of his "Physics of the Globe," pub- 
lished in 1861, and by a treatise on astronomy. 

We will not attempt to enumerate tbe learned societies of which 
Quetelet was a member; tbe list would be too long. He was elected 
an associate of the Royal Astronomical Society on January 11, 1828. 

Notwithstanding the numerous occupations which claimed every mo- 
ment of his time, Quetelet always gave the kindest reception to those 
who wished to speak with him on subjects connected with bis studies. 
He could discern and would encourage merit, and many learned men 
■will remember tbe support they received from him, in the commence- 
ment of their career, with feelings of profound gratitude. 

Eighteen months before his death he undertook the tatigning journey 
to St. Petersburg, at the pressing invitation of the Grand Duke Constan- 
tiue, under whose auspices the statistical congress had been called. 
Neither the fear of cholera nor tbe entreaties of his friends deterred 
liim. He was much gratified by tbe reception given him, and appeared 
to have been benefited in health by the jonruey. On Monday, the 2d of 
February, he fnltillwl exactly his duties as secretary of the academy, 
nlthongh sutferiug from the disease of the lungs of which he died fifteen 
days later. And he also assisted at the session of the class of letters. 
He died on tbe 17th of February, 1874, and Belgium deplored her great- 
est scientific luminary. The "academy" was the last word on his lips as 
he sank into unconsciousness. 



,iP<.-jM,Googlc 
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Br M. DUHAS, PermORenf Secretarg. 

FroDonnced before tba Academ; of Sciences of tlie French Institute on the 28th of 

Decambei, 1874. 



Gentlemen : One year ago the Academy of Sciences received with 
profound sorrow the unexpected aTinouncement of the death of one of 
its eight foreign associates, M. Auguste De La Bive. The rare talents 
of this eminent physicist, his warm heart, and high moral character, 
won for him in his native city nniversal affection. Geneva mourned for 
him with deep and sincere regret, for she lostin him an eminent philoso- 
pher and professor, who added to the renown of her jnstly-celebrated 
academy; a citizen whose loyalty had frequently heen tested in times 
of trouble; and a nsefQl member of society, whose generous hospitality 
delighted in gathering aronnd his fireside representatives of the science, 
art, letters, and politics of all nations. 

But Geneva was not alone in her grief. The services of M. Augaste 
De La Bive were such as the whole world recognizes, and of which 
posterity cherishes the memory. France, at least, cannot forget that 
if in time of prosperity she found in him always a faithful and provident 
friend, whose solicitude for her reputation seemed sometimes almost chi- 
merical, she was none the less sure of his active sympathy in days of 
misfortune. When Switzerland opened her heart to our soldiers, who, 
betrayed by fortune and decimated by the sword, cold and hunger, had 
retreated to the snows of the Jura, Aagnste De La Bive and his associates 
broughttotfaemsaccor and consolation; not unmindfulthat our two races, 
united by an old tHendship, had often mingled their blood under the 
same flag. 

It was not only to the illustrious physicist that his native city rendered 
the homage in which we this day unite. To the happy gifts bestowed by 
nature was added the prestige of an ancient and honorable name. The 
family ofDe La Bive may be traced back to BipadeMondovi, and is, in 
fact, one of those in which is personified the history of Geneva. From 
the twelfth century, for more than four hundred years, it is found in the 
first rank of the government archives of the city ; from the fourteenth 
century, it includes a judge of Piedmont ; a lieutenant of police, op- 
posed to the Beformation, and exiled from Geneva for having advocated 
in secret the Catholic religion ; a plenipotentiary, charged with demand- 
ing of Henry IV, in favor of the Genevese, certain privileges which were 
only granted by royal patents ; an euvoy of the canton, sent to Louis 
XIV, when asylum was given by the small republic to the refug^ees who 
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had been driven oat of Fraoce by the revocatioD of theedicbof Nantea; 
and, in the last century, three generals, one in the service of the Turks, 
another in nolland, and a third in Sardinia. TJp to this time there is 
no appearance of a scientific tendency among the members of this fam- 
ily, 80 rich in every other line of personal distinction, probably because 
the public mind was not turned in that direction ; but toward the end of 
the last century, wc see tliera attaining in science the same high po- 
sition they held in public aflairs. The mother of the illustrious historian 
of the Alps, De t^ussure, belonged to the family of La Rive, and also 
the wife of the learned philosopher, Charles Bonnet; both of whom, 
tradition says, exercised great inflnence, the one over her son, the other 
over her hnsband. In fact, the history of the family from the beginning 
of the present century would give not only that of tlje country, but 
also the most interesting chapters in contemporary science. 

Charles Gaspard De La Rive, father of our lamented associate, was 
the first savant of the name. Bis works form, with those of his son, an 
indivisible whole. Destined for the magistracy, he pursued his law- 
studies until, in 1794, Geneva suiTered a deplorable repetition of the 
French revolution. He took an active part in resisting the insurgents, 
and was imprisoned and condemned to death by the revolutionary 
tribunal. Thanks to the exertions of his friends, be escaped, took refuge 
in England, and went to Edinburgh to study medicine. His mother was 
very much opposed to his adopting this profession, as she considered it 
beneath the dignity of the family. She refused to pardon him for pur- 
suing a course coutraiy to her wishes, and, as she forbade hisreturn to 
bis native land, he remained in exile long after the decree of amnesty 
allowed bis appearance in Geneva. That he should have regarded sucb 
an unjust prohibition, caused by what seems to us a strange and unrea- 
sonable prejudice against an honorable profession, is very remarkable; 
but it must be remembered that in Geneva, at that time, aristocratic 
feelings largely prevailed, and public and private education, in spite of 
Bousseau, was based upon tbo inculcation of entire submission on the 
part of a child to the absolute authority of the parent. 

Un his return to his country, Gaspard De La Bive devoted himself 
with diligence to such studies as were necessary to fit him for the chair 
of chemistry, and through the liberal character of his mind, which was 
open to the widest generalizations cf science, was led to the investiga- 
tion of the electrical forces, to take part in the grand reform in natural 
philosophy then occupying the attention of France, and to lay the 
foundation for the future course of his illustrious son. If, in the history 
of science, the De La liivesmay not be placed in exactly the same rank 
as Oersted, Ampfere, Arago, and Faraday, whose labors they shared, 
certainly they cannot be widely separated from them. The united 
efforts of this brilliant pleiad of physicists, which includes M. Becquerel 
as a later and none the less distiugnisfaed representative, have added 
to civilization a knowledge of forces which are now indispensable to 
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iudustry aud commerce, and of wliidi, ains, tbe fury of war bas 
increased Ibe iiupoitanee. How tbe applications of tbese agents, tbe 
discoveries of peace-loving men, bave been perverted ! How tbe rapid 
telegram from tbe cabinet of tbe statesman inflames at will tbe passions 
of tbe people I How electricity, at tlie command of a distant engineer, 
explodes tbe torpedo wbiob violeutty disturbs tbe sea, or tires the mine 
wbicb renda the earth like a volcano, extending on every side devasta- 
tion and death I 

<iraspard D« La Rive was a successful exponnder of cbemistry, and 
taught its principles with clearness and simplicity. His Dumerous and 
choice experiments rendered big instruction interesting aud valuable 
not only to tbe etudents who desired merely a theoretical knowledge of 
tbe subject, but also to tbe industrial classes, who sought to make prac- 
tical appliciitiou of tbe iuforniatiou obtained. He proposed to make 
chemistry .t part of tbe curriculum of a liberar education, and be suc- 
ceeded in attnicting, by the eclat of bis experiments, students of all 
classes, whom bo afterward retained by directing tbeir minds from 
these lower objwts to tbe Iwanty and piecision of tbe higher concep- 
tions of uatiira) philosophy. Xo one contributed more to popularizing 
tbe atomic theory of Dulton, which be considered a most happy hypoth- 
esis. Having studied in England, he retained a taste for large appara- 
tus, in which bis fortune allowed him to indulge; his voltaic batteries 
were without a rival on tbe continent. But while his laboratory was 
English, the constitution of his mind, on tbe contrary, led him to adopt 
the ideas of Lavoisier and the doctnnes of the French Academy. 

His countryman and friend. Dr. Mareet, a chemist of distinction, liv- 
ing ill London, came to pass a winter in Switzerland. He could not 
endure this preterenee for the school of Paris, and endeavored to con- 
vert tbe select audience Gaspard l>e La Uive collected about him to the 
ideas of tbe London school, especially to those of l>avy, whose reuowu 
at that time was worldwide. The pupils of tbe chemical course had, 
therefore, the singular good fortune of having two professors, each of 
whom discoursed ia turn upon tbe same subject, explaining the views to 
which hegave tbe preference. The two teachers,stimulated by opposition, 
gradually advanced from the ordinary conventional and classic grounds 
of instruction to heights where definite thought commences to waver 
into nebulous specula^tion. These lectures, which amounted to academic 
sessions, awakened the cnriosity and excited tbe enthusiasm of the audi- 
ence, who, while divided in opinion, were always united in praise of the 
ardor and mental activity of the two friends. 

Gaspard Do La Rive was affable, benevolent, paternal, and good- 
humored. His joy in tbe success of a well-conducted experiment, his 
satisfaction when he felt himself understood, was indicated in every 
lineameut of his expressive countenance ; and, after listening to the good 
miin, bis auditors were surprised to find that, although bis discourse 
had been entirely of chemistry, they felt themselves better, as well as 
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knew tbemselvea wiser, from the syuipatby awakenetl by tlie glow of bia 
lecture. Besides, uo one could be inditTereut to tbe moral exainple dis- 
played by tLis, tlio first syuilic, tlte chief of state, tbe possessor of a 
lar^e pjilrimoniul fortnne, wbo was thiia laborious in the discharge of a 
daily duty, without other motive thau the love of science — for no other 
recompense tbao the respect accorded to noble and uoseltish conduct. 
Those favorites of fortune who pass their days in the pursuit of idle 
pleasure, have no idea of the rational enjoyment to be derived from the 
Itursuit of knowledge or tbe disiutereeted instruction of youth. Were 
an entire aristocracy similarly disposed, leading its followers through 
the learning of ancient times and the science of the present, what con- 
quests would lie made in the domains of intelligence ; conquesis which 
would necessitate no violation of right nor infliction of wrong, would 
bring loss or distress to none, but benefit to all. 

During tbe loug wars of the revolution and of the empire, Geneva 
rendered great seivico to the scientific worhl by the publication of a 
review which her extended commercial relations and the cosmopolitan 
habits of her people supplied with abundant information u[>oii all sub- 
jects, and which was edited by a distinguished physicist, M. Pictet, 
under the title Bibliotkeque Britannique. It was by means of this period- 
ical that the works of the English scientists became knowu over the 
continent; and through the [lersooal influence of tbe eminent men who 
assisted in its compilation, it retained long after peace was established 
the monopoly of the earliest foreign intelligence. In its pages Arago, 
who was on a visit to Geneva, iu 1820, first learned of the great discovery 
of Oersted, the action exerted by the electric current of the voltaic pile 
n|)oa the magnetic needle. At that time it was known that two sub- 
stances could act upon each other, combining and producing changes in 
their properties, exhibiting phenomena which constitute an essential part 
of chemistry, but no one bad ever seen what was then called an impon- 
derable fiuid aec upon another. Light produced no effect upon heat, and 
neither acted upon electricity. Oersted, however, aunounced that elec- 
tricity could be made to act upon magnetism. A new science, with the 
most remarkable practical applications, of which the electric telegraph 
is only one example, was developed from this fruitful germ. All who 
a6siste<l in establishing the genuineness of this wonderful discovery 
were greatly impressed by it, and no one felt inclined to contradict the 
grave comment of Pierre Pr6vost, the author of the theory of the un- 
stable equilibrium of radiant heat : Novus rerum nascitvr ordo. 

Arago, on his return to Paris, thus S[ieak9 of the event : " Professor 
Do La Eive, of Geneva, who has himself discovered many curious phe- 
nomena with the powerful battery in his possession, allowed me to wit- 
ness his verification of the experiments of 51, Oersted before MM. 
Provost, Pietet, Th. de Sauasure, Marcet, de Candolle, &c., and I was 
entirely convinced of the accuracy of the principal facts stilted by the 
Danish philosopher." I am, I believe, the solo survivor of this hiator- 
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ical seeue, in which I took part as ooe of the et ccctera of Arago, and I 
shall never forget the powerful ImpressioD produced upon those who 
■were present. Nearly all o:ime with the couvictiou that Oersted was 
the dupe of somo illasion ; bnt they saw the magnetic needle obey the 
action of the electric current, move in one direction when the condnct- 
ing-wire of the battery was placed above it, and in the contrary direc- 
tioa when plaeed bolow it, and wore convinced that these effects conid 
be attributed to no external agitation, since they were produced in the 
vacnum of the air-pump, as well as in the open air, and cea«ed when a 
slip of wood was substituted for the magnetic needle. 

Ampere, in Paris, entered upon the investigation of this phenomenon 
with great enthusiasm, and haviug, by dint of earnest and persevering 
thought, arrived at general conceptions, he deduced from these infer- 
ences, which he immediately proceeded to verify by actual experiments, 
employing for the purpose all the resources of practical mechanics. The 
discoveries that followed week after week in rapid succession excited 
the unbounded admiration of Gaspaxd De La Kive, and no sooner had 
the Academy of Sciences of Paris announced some new inference of 
Ampere than the watchmaking establishments of Geneva, under the 
direction of De La Rive, constructed the delicate apparatus conceived 
by the illustrious French physicist to verify bis deductions, and varied 
the form so as to bring it within the means of tbe smallest laboratory. 
If in tbia De La Rive was animated solely by a love of science, be was 
amply rewarded. 

Augnste De La Eire, excited first by sympathy with his father, and 
afterward by individual interest in the new facts brought to light, deter- 
mined to devote his life to the study of electricity. Born on the 9th of 
October, 1801, he was at the time of these researches a student in tho uni- 
versity, but shortly after prepai-ed resolutely and with success to compete 
for the chair of general physics leftvacaut by Pierre Provost. Onlytwen- 
ty-oneyearsofage, and aspiringto take theplaceofa professor well known 
throughout Europe, he was obliged to face a jury composed of sixty-six 
judges, thatis to say,of all the professors of the academy, and all the mem- 
bers of the venerable company intrusted with thedirection of theecclesias- 
tical affairs of Geneva. The academy was at that time a powerful cor- 
poration. Closely united with the church, it was considered the first 
educational establishment, and held coutrol over all the other schools 
of the canton. It constituted a state within the state, and extended 
its jurisdiction even to politics and the affairs of the republic. The 
authority with which it was invested was founded upon traditional laws, 
and its functions were highly respected. Its professors, select men, 
were all capable of serious work and prolonged application. Very 
poorly remunerated for their services, their expenses far exceeded their 
emoluments, but they valued tbe prestige of a professorship, a truly 
magisterial office, much more than its material profits. The high 
character of the political instruction attracted to the academy the rich 
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and noble families of the country, and the taste for letters and science 
it promoted, ^ith the habit of devotion to tbeir cultnre, was transmitted 
from generatiou to generation, enabling the scbool of Geneva to main- 
tain a bigli position among the most renowned aoiversities of Europe. 
It was a source of intellectual activity, aud a center of light, such as 
is supported only by great effort in countries of much larger extent than 
Switzerland. 

As soon as the discovery of Oersted was announced, Ampere offered 
the following esplanation : The frictional electricity, or that developed 
by rubbing glass, long known, is a fluid in repose, and constttutts stat- 
ical electricity. TLe electricity of the voltaic pile is this eame fluid in 
motion in the direction of the axis of the conductors, aud this is dynam- 
ical electricity. Again, this same fluid circulating around tbe molecules 
of a bar of iron or steel, in a pLiue perpendicular to the axis which 
united the two extremities, is magnetism. To give a material illustration 
of these forces, the water wbich moistens the surface of a solid body 
may represent statical electricity, the water which flows through an 
aqueduct dynamical electricity, and that whicb passes Id the turns of 
an Archimedian screw, magnetism. 

On the 4th of September, 1820, Arago announced to the French 
Academy the facts whose confirmation he had witnessed at Geneva, 
and on the 2oth of the same month Ampere read his valuable memoir, 
■which alone would have given his name one of the highest places in the 
history of science. His theory of the principles of electro-magnetism 
was founded upon his fundamental experiment that two voltaic currents 
in the same direction attract each other, and, on the contrary, repel each 
other when they are in opposite directions — a phenomenon he had fore- 
seen and predicted as a result of his a priori conception. To this strik 
ing proof of tbe truth of his theory he soon added another. He imitated 
a magnet by passing a voltaic current through a metal wire coiled into 
a spiral, and suspended freely in a vertical plane. This spiral was 
affected by the action of the earth like the magnetic needle, which 
Ampere explained by supposing that the lower parts of the wire, that 
is, those nearest the earth, controlled the whole. This experiment was 
also exhibited in its simplest form by suspending a rectangular wire so 
that it could move freely, "When a voltaic current was passed through 
this, it arranged itself at right angles to the direction of the magnetic 
needle. Now Gaspard De La Kive removed the lower horizontal part, 
and the remainder of the wire was as much affected by the terrestrial 
influence as when the rectangle was complete. 

The explanation of Ampfere was thus sbown to be incorrect, and his 
theory for a time lost its best support. His state of mind under the 
influence of this disappointment bordered on derangement. When alone, 
he passed hour after hour in profound meditation ; and when with his 
ftimily, pursued the avocations of life in a sort of somnambulism, obliv- 
ious of everything around him. At length, however, in a moment of 
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inspiration, tlie tratli dawned upon bim,nii(l delivered bim from tb is state 
of uiatraction. He cimgbt sight of tUe proper solutiim of the problem, 
and in t)m ox[)eriinental verilieutioD of this, Auguste De La Uive ciiuie to 
his aid, and by bis ready iuveutiou reduced the pheuomeuou to its 
simplest elements. Ho removed one by one tbe sides of tbe rectiingle, 
and redaced it. at last to a single vertical wire, freely suspeudeti, which, 
when tbe voltaic cnrreut passed throtigli it, was as seuisible to tbe actiou 
of the earth aa the entire rectangle. These delicate eKperiments so in- 
terested Amp&re that be came from Paris to Pr^singe, the countiy res- 
idence 'of De Lii Kive, to witness them, and to perfect tbe explauatiou to 
which be had given so much thought. 

The memoir of the young physicist on the subject contains not only 
the new results be bad obtained, but also the learned and decisive 
formula by which Ampere connected them with his theory, now com- 
plete and triumphant. 

Thus in tbe very commencement of his career the name of Auguste 
De La Rive was associated with one of the most interesting episodes in 
tbedevelopmentof tbe theory of Ampere, and bisflrstinvestigatiou8pla<;eii 
bim at ouce in the focus to which all the intelligence of tbe age was 
directed. They not only brought him into relation with Ampere, but 
I)repared tbe way for the life-long friendship which afterwanl united 
liim with Faraday, who already, grateful to his father for early recog- 
iiitiou aud encouragement iinder ])eeuliar circumstances, was predis- 
iwsed to regard him with favor. "When Davy was making his admirable 
investigations in regard to the voltaic battery, Great Britain and 
France were engaged in a desperate contest. The iirst class of the 
Institute, however, considering the field of science and tbe pursuit of 
tmth abote the prejudices occasioned by national quarrels, awarded to 
the English philosopher tbe prize ofiered in the department of electricity 
by Sapoleoo, Although the countries were thou at open war, Davy 
shortly after received permission to visit Auvergne, in order to study 
tbe extinct volcanoes of that province, and was also allowed to go to 
Italy and continue his researches on volcanoes in action. In this court- 
eous exception, France set an example eminently worthy to be followed 
by all civilized aatioDS. The passport Davy received included himself, 
his wife, and one servant. Faraday, eager to acquire knowledge, did 
not hesitate to accept the latter position. The young savant was unob- 
served in bis new Capacity while iu Paris, aa he did not speak a word 
of French, but it was quite otherwise at Pr^siage, where Davy remained 
some time. Gaspard De La Eive, observing bis isolation, addressed 
some kind words to him during a bunting excursion. Discovering 
immediately that he was by no means an ordiLary servant, an explana- 
tion followed, tind be w;i^ retjuested to take the place in the family, at 
tbe table of his host, which bis true iiosition aud talent deserved. 
Davy, however, while he did not object to this arrangement when he 
was absent, insisted that in his preseuce the subordinate position 
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assumed sboiild be maintained. This simple iiiddeut might have 
made hut little impresaiou upon Faraday, hud it not brought into strong 
contrast the pride of Davy and the affable -cordiality of Gaspard De 
La Rive- 
Even genius does not excuse pride or pardon cxclusiveaesa. Davy, 
^tiated with pniise and loaded witli honors, but lacking the sympathy 
of his countrymen, passed the last years of his lile on the coutiueur, 
and came to Geneva, to terminate sorrowfully, iu a Ibitign country, bis 
days of lassitude and ennui; nbile, on the other band, when Faraday, 
endowed with the modesty which uharms and the kiudneas which 
attracts, approached bis end, the savaots of the entire world evinced 
their afTection for him ; the most eminent personages of England testi- 
fied their respect ; bis death was a source of universal regret, and his 
memory, cherished in all hearts, is still honored at the Hoyal Institution 
of London, in the amphitheater, the scene of bis triumphs, by an annual 
and imposing ceremony presided over by the Piiuco of Wales. What 
a contrast is this I 

As the scienti&c career of Gaspard De La Elve ended and ihat of bis 
son commenced, a new era commenced, fnkught with ideaii to enlighten, 
agitata, and even trouble the world. The father had witnessed only 
the prelude to the great changes which were to take place, bat wcl-' 
corned with joy the new dawn. The son, after laboring with ardor and 
snucess in the unveiling of truth, at the close of his life coutemplati'd, 
with sadness as well as pleasure, the unexpected consequences of the 
discoveries in which he had taken an active part. 

A half a century ago science, although full of promise to those who 
sought to penetrate its mysteries, did not appeal to the common mind. 
Its language was little understood even by those who held the destinies 
of nations in their hands. Its demonstrations and discoveries were 
regarded by the pnblic with a careless eye and considered of no impor- 
tance. Soon, however, under its influence, rapid vessels, imi>el]cd by 
Bteam, traversed the sea ; railroads crossed the continents ; thought cii'- 
Culated from one hemisphere to another through the electric telegraph ; 
the beet -root of the frozen regions rivaled the sugar-cane of the south; 
gas lighted the streets; fossil remains fertilized arid ground, and the 
colors from coal-oil vied with tiio fresh tints of the flowers ; while the sail- 
ing-vessels lying iille in the ports, the forsaken stage-coach, the deserted 
roads, the laborer deprived of employment, were other but equally forci- 
ble witnesses to the irresistible power of the practical application of the 
priiicitiles which govern the uu erue At the same time iron and steel 
were perfected and produced n abui la ce powder and other fulmi- 
nating substances were rendered nana(,eible ; rude and inefacieut 
weapons of war were converted uto Hr^e and powerful engines of 
destruction ; and in view of houses lu s crops destroyed, and the 
multiplied graves of the dead, it was impossible hmger to question the 
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importance of those iuvestigations and discoveries which had once beea 
despised. 

Again, a new conception of the universe, based upon the existence of 
atoms, the latest representatives of matter, and upon the vibrations of 
the ethereal medium, the latest symbols of force, indnced a certain 
Bchool to revive doctrines which, originating; in Greece, were translated 
by Lucretius into harmonious verse in order to convert the voluptuous 
aristocracy of Gome to the philosophy of Epicurus. The Latin poet ex- 
claims in his antique materialism, " He wakes not again who sleeps 
with the dead ; we are only the temporary proprietors of life and nofc its 
owners. When the body perishes, the soul also is decomposed ; it dis- 
solves as the limbs crumble into dust. The soul dies entirely with the 
body, and in vain might the earth be mingled with the sea, and the sea 
with the sky, in one frightful tumult — nothing can ever awaken it." 

Modern materialism, content with revi\ing tlie doctrines of Epicurus 
and Lncretius, considers the world as the fortuitous production of the 
arrangement of atoms ; man as the highest development of the natural 
evolution of organic forms ; life as a spontaneous modification of force; 
birth as the commencement of a phenomenon, death as its end. When, 
,in the light of this philosophy, justice is only a social convention, con- 
science the fruit of education; charity, friendship, love, only varied 
forms of selfishness, those intrusted with the care of human souls should 
acliDowledge the terrible power of this contemned science. 

The scientific conceptions of the human mind, of great importance as 
expressions of generalizations, are the result of ideas derived from our 
present understanding of the phenomena of matter and force, but cannot 
be considered as absolute truths. Lavoisier, studying chemical actions, 
the balance in hand, proved, it is true, that in each of these, the weight of 
the substances produced is equal to that of the substances employed. Let 
us accept, then, this discovery as a philosophical truth : that matter ha« 
weight; that man has never created nor destroyed anything that has 
weight; in nature, since the universe received its present form, noth- 
ing has been lost, nothing created that has weight ; matter changes its 
place, its aspect, and condition, but it does not perish. Is it the same in 
regard to force 1 While always remaining imponderable, wUl it also be 
variable in its manifestations, perpetual in its activity f Man powerless 
to create matter, is he equally unable to produce force ! Auguste Do La 
Kive has largely assisted in proving that this is the case, and, in so doing, 
has traced to its highest philosophical consequences one of the most hum- 
ble esperiments of the laboratory, that of Galvani. Two plates, one of 
zinc the other of copper, produce a sensation when an organ is touched 
with their two free extremities ; the tongue is sensible of a taste ; the eye 
perceives a light; the ear is conscious of sound. By increasing the 
number of these metallic couples, extending their surface, and plunging 
thorn into a saline or acid liquid, Volta constructed his celebrated bat- 
tery, by which he produced light and heat comparable with tbocie of the 
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BUD, a chemical power superior to tlin,t of tiie volcano, a magnetism 
eqaal to tliat of the earth, and physiological phenomena previously con- 
sidered as belonging only to manifestations of life. Can it be supposed 
that all tbese forces spring from nothing, and that the two metals which 
prodDce them remaiu unchanged iu their nature, weight, and other 
qualities t 

German science, still involved in the obscnrities of the philosophy of 
nature, was of this opinion, notwithstanding the experiments of M. 
Becqoerel, sr. Auguste De La Bive thought otherwise ; he did uot so 
readily accord to man the faculty of deriving, from nothing, either mat- ' 
ter or motion. His mind revolted against such au assnmptioo. He 
proved, in fact, that no electricity was manifested if one of the two 
metals was not oxidized j that is to say, if it had uot undergone chemi- 
cal change. The electric current is slight when the chemical action is 
feeble; intense when it is powerful. The electric circuit starts from 
the metal attacked and passes over to the other. If both metals are 
affected at once, the electric circuit begins in the one in which the 
chemical action is strongest. Change the nature of the medium, and 
yon may reverse at will the action and consequently the direction of 
the current. The latter experiment is decisive. If the contact of two 
different metals is sufficient to create the electric current, this ought 
always to proceed in the same direction. If this current is the resultof 
chemical action, it should, on the contrary, move sometimes iu one 
direction, sometimes in the other, starting from the metal attacked and 
proceeding toward the one not affected, as was proved by Auguste J>e 
La Rive. If we measure tlje electricity obtained, we ought also to note 
the chemical force expended. We create nothing; we only transform. 
Such is the theory of the pile. Faraday devoted much time to the con- 
Bideration of these truths, but we can do honor to the Geneveae physi- 
cist while acknowledging our indebtedness to the great English phil- 
pliiloaopber. 

If the burning of the coal develops the tbrce of the steam-engine, 
the zinc eonsamed produces the power of the Voltaic pile. The battery 
Ho more creates the electricity that it utilizes than Watt's engine pro- 
duces the heat that it employs ; that electricity comes entirely from the 
metal bunied by the acids. Pursuing this idea, Auguste De La Eive 
measured the heat which was manifested iu the different elements of a 
hattery, in fall activity, and found that it did not exceed that produced 
hy the chemical action exerted upon the metal attacked — a conclusion 
Mufirmed by the learned dean of the faculty of Marseilles. It is, then, 
evident that man creates neither electricity, magnetism, heat, nor light ; 
he draws these forces from the reservoirs iu which they are hidden and 
in which they were stored without his aid, 

We insist that in nature, as she appears to us, nothing is lost, and 
"otliirig is created of that which has weight; we dispose of matter as 
^^ clioose in order to produce chemical combinations ad injinituvt ; 
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forces ftre oiily the caases of movements, which we tmDsform, one iiUxi 
the other nt will. Well, is this to any that the world has uo other sov- 
ereign than man, and that he rules as master t Let ns see if this is so. 

Ifewton considered light, heat, electricity, and magnetism as so many 
distinct imponderable flaids. This opinion served as a gaide to all the 
investigations of the eighteenth century and of the commencement of 
the nineteenth. It was the expression of the truth of the time — was, so 
to say, the fashion — and it had itsfanaticalfollowers, in the first rank of 
whom was Voltaire. It is now snperaeded by a theory indicated by 
Descartes and Hnygheus, and which Newton undertook to develop, but 
abandoned, perhaps because of the difficulties it offered to calculation. 
This supposes the existence throughout the universe of an elastic, 
ethereal medinm, that is to say, an exceedingly subtile substance, in 
which float the atoms of ponderable matter. Acting one upon the other, 
or through internal agitation, these atoms determine, in the ether by 
which they are surrounded and penetrated, undulations more or less 
extended, more or less rapid. These vibrations of the ethereal medium 
constitute tight and heat, while electricity and magnetism are the tnan- 
ifestatioos of the medium itself. Ponderable atoms, an elastic ethereal 
medium, and the vibrations produced in the latter by the atoms ; such 
is the present conception of the universe. It is simple, true, perhaps, 
said Auguste De La Rive, but who knows what will be thought of it a 
hundred years from now f How is it possible to believe that afcer 
remaining in ignorance and error in regard to these great subjects from 
the commencement of the world, man, in less than a century, could 
acquire complete knowledge of all that concerns them and leave noth- 
ing to be discovered by future agesf It behooves us to be more modest, 
lest our descendants laugh at onr audacity. 

Among all the different manil'estations of the ethereal medium, elec- 
tricity is the most constant, not only in the reactions of inanimate 
bodies, but also in the material phenomena we observe in living organ- 
isms. It was hastily inferred by some that electricity was lite, but 
Auguste De La Kive would not admit that life could result from this 
nnoonscious actioii of atoms upon ether. He had never seen it mani- 
fested spontaneously, and believed that since its first appearance npon 
earth it had constantly been transmitted from parent to offspring. 
He considered, moreover, that human personality does not exist iu the 
dust of which our bodies are composed. Is matter that obeys eternal, 
and the spirit which commands perishablet I would rather, he says, 
believe that the intelligent soul is immortal and brute matter perishalrie. 
He believed the world to have been created and demonstrated as a fact 
of a scieutidc order, and, by arguments that M. Glausius afterward 
developed, that it had not always existed ; that it bad a beginning, and 
would have an end. 

Ampere, Faraday, and Auguste De La Give made electrtidty the sub- 
ject ol' protbund study, and it was the instrument of their greatest dis- 
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coveries. They were all three very religions, aod deliglited iu meditat- 
ing upon BDbjectfl of a metaphysical diaracter. The first sought to 
explain aniversal attraction by magnetism ; the second denied even the 
existence of matter, and considered each atom as a center of force 
whose vibrations are felt throagbout the anivcrse; they endeavored to 
defend, against the eocroacbmente of the partisans of physical forces 
the domain of the spirit, tbat Bometbing which thinks, affirms, denies, 
wills, imagines, feels, and which, free to follow its inclinations, should 
render an aoconnt of its liberty. They were coovinced that by such 
meditations the sonl approached the supr^ne power, whose direct 
intervention appears like a continued creation. 

Belonging to the same school of philosophy, they ei^oyed discnssing 
together such qnestions as the following : Attraction, which snstaing 
the stars in space, who knows its natnre 1 Affinity, which connects 
tbe molecules of bodies, is it not a word whose sense escapes nsf 
We represent matter as composed of atoms j are we sure that these 
atoms exist 1 The physiologist describes the phenomena of life ; does 
he know in what life consists 1 The geologist, who writes the history 
of the globe of which he has only penetrated tbe epidermis, does he 
know its origin and end 1 If man is proud of the knowledge he has 
acquired, should he not be humble in view of what he has yet to learn t 

The pnblicatione of onr associate are nnmerons, and attest the activity 
of his mind as well as the esteut and accuracy of his information. But 
an eminent physicist, M. Soret, is preparing a complete history of 
tbem in bis native land, and in this article I can only notice a few of 
their principal featares, and, in particnlar, his beautifnl theory of the 
aurora borealis. 

The chronicle of Louis XI reports that, on the 23d of July, 14SI, a 
meteor appeared " of such color aod brilliancy that it seemed as if all 
Paris was in flames*," it adds, in consternation, "May Ood preserve asF 
Ou the 18th of November, 1465, a similar appearance produced like 
terror. Tbe king, Louis XI, mounted his horse and rushed to the walls, 
and the city guard were assembled and posted. The country at tbat 
time was in revolt gainst tbe government, and it was supposed that 
tbe enemy before PmIs were attempting to flre the city. 

We ourselves witnessed a similar excitement, caused by tbe appearance 
of the aurora, during the siege of Paris by the Prussian army. From 
the beginning of the night until the first actual appearance of the phe- 
nomenon, a glow was observed in tbe north, which gradually deepened 
into a rose-tint, and spread over half the sky. From time to time col- 
ored rays shot forth, of a deep blood-red, while spots of the same 
sangaioary hue appeared here and there above tbe city. When the 
phenomenon bad reached its height, and the sky commenced to darken, 
suddenly the red color shone out again with frightful brilliancy. The 
next evening tbe appearance was repeated with somewhat less intensity, 
bnt accompanied by luminous white radiations toward a center near the 
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constellation Pegasns. The inhabitants of Paris were greatly alarmed. 
They supposed that some great incendiary machine had been pot in 
play, to force the walls or demoralize their defenders. A few of them, 
seeing that it was a remarkable example of the anroia borealis, songht 
in it such omens, happy or otherwise, as their excited patriotism sag- 
gested. 

The Aurora of the ^orth, as Gregory of Tours called it thirteen hun- 
dred years ago, varies somewhat in aspect with the latitude. In the 
polar regions it is so common that it ceases to excite remark, and is 
often confounded with the twilight. In the center of Europe it is less 
frequent, and almost always characterized by the deep bloody hue of 
the sky, and the rays that dart like lances aeross it. Its appearance 
justifies the description that it seems as if two great armies, enveloped 
in fiery vapor, were engaged in mortal combat. In Calabria, where it is 
still more rare, the imagination finds in it arcades and porticoes, while, 
Greece, always poetical, and very seldom honored by this celestial vis- 
itation, sees in the illuminated sky the assembly of the gods in council 
upon Olympus in the presence of Jupiter. 

How are we to account for these appearances T Auguste De La Rive 
considered that they were prodnced by electrical conflicts, silent and 
mysterious, converging toward the magnetic pole of the earth. Eveiy 
one is familiar with the electric light, whose power is exhibited in the 
light-house, on the stage, and in public illuminatioDS. This brilliaat 
phenomenon, discovered by Davy, was especially noticed by Arago, 
who declared, apriori, that it would ofier the then strange spectacle of a 
flame obeying the action of a magnetic bar. Experiment confirmed bis 
prediction. When this Juminons arch is approached by the poles of a 
strong magnet, it is attracted or repulsed ; its curvature increases, the 
brilliancy of the fiame diminishes ; it is varied by jerks and by flashes 
of colored light when silk is rnbbed near it, and the arch at last breaks, 
when the curvature is so great that it extends too much the surface 
passed over by the electrical discharge. A magnetic needle placed in 
the vicinity manifests, by its incessant agitation, that it is affected by a 
strong magnetic influence. Is not this the image of the aurora polaris T 

Arago devoted many years to the study of the influence of the anrora 
borealis npon the magnetic needle; and often annonnced the appear- 
ance of the phenomenon in the north of Europe, even before it was 
manifested in France. He was too cautious, however, to hazard an 
opinion in regard to its nature. Auguste De La Hive took np the sub- 
ject — we should rather say, devoted himself to it — and among the many 
reasons for regretting the death of this illustrious savant is the loss to 
science of a work he was preparing npon the polar lights, the materials 
for which he had spared no pains in collecting. The apparatus is well 
known, at least in the lecture-room, by means of which he reproduced 
the fundamental conditions of the phenomenon, which he considered 
due to the formation of a Inminous ring in the app6r regions of the 
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atmosphere, having for center the magnetic pole. By transmitting 
through a rariGed gas an electrical discharge around the pole of a 
stroDg magnet, he caused a luminous ring to appear, suimated with a 
movement of rotation around thia same pole. This experiment is so 
heautifal that it must be admired even by those physicists, now few in 
number, who consider that the aurora is derived ii-oui a source far beyond 
the terrestrial atmosphere, and attribute to it a cosmical origin. He 
writes thus to me, only a short time before the attack of illness which 
caused his death i "Assist me in defending a theory, which I believe to 
be founded upon incontestable facts, and which was advocated by Frank- 
lin aiid Arago when there was less evidence in its favor. The investi- 
gators who study only tjie brilliant and occasional auroras of our lati- 
tudes, should also take into consideration those less radiant that appear 
almost every day in the polar regions. I do not know a single observer, 
placed in our extreme northern countries, who does not support the 
views I have adopted. Surely it ismnch in their favor that they are 
advocated by men who live in the midst of the phenomena; and shall 
we abandon them because they are opposed by those who witness these 
remarkable appearances only occasionally, and under the influence of 
surprise and astonishment which must more or less afi^et the judgment 
concerning them I " 

At the equator, the silent magnetic agitations are replaced by electri- 
cal storms, accompanied by thunder and rain, marking, so to say, the 
course of the sun ; and if there is a constant manifestation of auroral 
phenomena, more or less distinct at each pole, there is always an orange 
tint, of greater or less intensity, at some point of the equator. What 
pnqiose do they serve, these electric manifestations, continually exhib- 
ited throughout the atmosphere of the earth 1 We are not yet in a con- 
dition to say, but De La Bive has thrown much light upon the question. 

When, a hundretl years ago, Priestley discovered oxygen, the agent 
of combustion and respiration, medicine found a valuable auxiliary, and 
enthusiasts saw in it a means of prolonging life. The experiments of 
M. Bert, however, proved that thia vital air, if inhaled into the lungs in 
a pure state, was a mortal poison. This same oxygen, as soon as it is 
electrized, shows that it is accompanied by a very odorous substance, 
blackening colored bodies, irritating violently the respiratory organs, 
and converting animal products into saltpeter. This is the ozone M 
Scn9nbein, the celebrated professor of Basle, found at times in the 
atmosphere, particularly when the latter was electrized by thunder- 
clouds. Auguste Be La Bive and bis learned friend M. de Marignac 
maintained that ozone is a modification of oxygen, a conclusion ren- 
dered incontestable by our two eminent associates, MM. Fr^my and 
Becqnerel, jr. 

If pure oxygen is deadly in its effects, mingled with the air that sur- 
rounds us, it supports life; and if oxygen, ozenized, is a poison, in mod- 
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erato doses, it parifies the air and fertilizes the soil broken by the plow, 
giviug to its products their agricultural sigaiflcance. 

If it is chance that provides the atmosphere with only jost enongh 
of this useful yet dangerous oxygen to support respiration; that brings 
into being ozone to destroy the deleterious influences which tfareatea our 
lives, and to prepare the noarishmeat necessary for the planes which 
supply us with food ; if it is this eame chance which fixes the limits to 
the couceutratiou of oxygen, rendering almost immutable the quantity 
of inert gas miugled in the air that we breathe; which renders possible 
and durable for centuries the existence of man upon the earth, then we 
must conclude, with Anguste De La Bive, that chance is very intelligent; 
indeed, so intelligent as to deserve another nanie. 

A flourishing industry, which was commenced abont thirty-five years 
ago, under the auspices of the Academy of Sciences — that is, electro- 
plating — originated in the experiments and practical applications of our 
rejected associate. Up to that time the ouly mode known of gilding 
bronze was by the use of mercury. This process produced a good and 
solid surface, but was fatal to the workmen, as their hands were brought 
in contact with the dangerous metal, and their lungs exposed to the 
action of the mercurial vapors during the heating of the articles to be 
gilded. The old academy oflered a prize to any one who would obviate 
the danger attached to this industry, hut it was unclaimed. The pres- 
ent academy was more fortunate. But, if the industry is indebted for 
its stimulation to the galvanic process, we should not forget that the 
first pieces gilded by electricity came from the hands ot the sagacious 
and disinterested physicist whose labors we are contemplating. Thanks 
especially to him, we are spared the distressing spectacle formerly pre- 
sented by hundreds of unfortunate workmen, involuntary witnesses of 
tbe d^eterious effects of mercury, who, trembling in every limb, were 
diseased alike in mind and body. 

Auguste De La Rive was a lover and patron of the fine arts, and it was 
in some sort under his direction that the celebrated painter of Alpine 
scenery, Oalame, executed his chef-d'ceuvre, Mount Bose, the most beauti- 
ful oruameut of the parlor of the scientist. It represents a rugged, lon^y 
scene, a high plateau in the mountains, without verdure or any trace of 
the presence of man. . In the background is the Alps, in the foreground 
a small, dark lake aud some rocks ; that is all. But it is nature in het 
majesty, flooded with the light and enveloped in the pure transparent 
atmosphere of the mountains — an unadorned exhibition of her grandeur, 
afi'ecting powerfully the imagination. 

Our philosopher was never tired of the beantifal spectacle presented 
by the effect of the setting sua upon Mout Blanc, and was led to some 
interesting scientific observations of the phenomenon through his ad- 
miratioa of its picturesque aspect. At the moment when the son dis- 
appears from the horizon, the valley is covered with shade, and the 
mountain is gradaiilly obscured from the base to near the summit. This 
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atone, for some time, remains illuminated, and, suddenly, while tbe rest 
of earth sinks into deeper shadow, takes a bright oraoge tint, sometimes 
a bloody or fiery red, and appears like ao immense meteor, fixed, incandes- 
cent, not belonging to earth, bnt suspended in tbe sky. Soon the ever- 
increasing shade iQvades even this icy piuDacle. Its outlines grow indis- 
tinct, and its color fades to a cadaverous hue. Like the change from 
life to death in tbe human fiice is this rapid transformation from the 
brilliant tints of departing day to the livid tone which follows upon the 
forebe»d of this giaat of rock and snow. No one can witness tbe 
solemn spectacle for the first time without profound eiuotion ; and the 
instinctive silence that fulls upon tbe spectator is like the prelude to a 
prayer. As he turns sorrowfully away, and asks if all is over, suddenly, 
88 if in answer, the mountain is colored anew with a pale rose tint, 
the reflection of its former splendor. Is the colossua about to revive! 
No ; this fugitive tint is soon effaced, and darkness covers the scene. 

The rosy glow, the day's farewell to the snow-clad peaks of these high 
moantaina, is only the reproduction in a particular form of the general 
effects of tbe setting sun upon clouds. But what is the cause of tbe second 
coloration 1 Ourassociate,aftermany observations of the summit of Mont 
Blaoc, most A^quently subjected to tbe phenomenon, attributed it to the 
reflection of tbe last red rays from vaporous strata accnmulated in the up- 
per regions of tbe atmosphere. He studied the nature of these vapors, and 
invented an apparatus for measuring the variations in the transparency 
of theatmosphere, which are closely observed by the mountaineers, as they 
judge from them what weather to expect. If tbe air is perfectly clear, and 
di3taotobjectsplainIyvisible,themountains seeming close to theobserver, 
and tbe sky of a deep-blue color, they will tell you that rain is near, 
though there may be no other sign of its approach. If the weather is 
decidedly fine, the airisnot perfectly clear, but is pervaded by a bluish. 
vapor, the sky is moderately blue, and mountains seem far away. 

Aognste De La Rive supposed that these vapors, characteristic of 
fine neather, were composed of mineral and organic particles, which 
float in the air as long as they are dry, bat fall to the ground when sur- 
charged with moisture. They are so abundant, that they take from the 
urits transparency, which is restored when they disappear. Tbe io- 
aects which buzz about us are governed by the same law. If the swal- 
lovs fly close to the ground at the approach of rain, and high up iu tUo 
sir in dne weather, it is because in the first case the insects upon which 
they feed are weighed down by moisture, while, in the second, relieved 
of this burdeu, they mount higher into space. 

The ardor of Auguste De La Bive for the study of electricity could not 
l>e satisfied with only the labors of the laboratory. He conceived the plau 
"^ a work which would make known all the results obtained in every 
branch of this department of physics. Familiar with every science, 
and speaking all languages, he hoped, by uniting and tracing to their 
source the materials scattered through the periodicals of different conn- 
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tries, to furnish geometers the means for the baais for a new and better 
theory of electricity. The three volumea of his Treatise upon Theoretical 
and Practical Electricity contain a statement of all the facts observed, 
with the tiomniOQt of eavans and his own opiuion in regard to each one 
of tbcm. There never was a more impartial compiler nor disinterested 
narrator. The work shows throughout with what perseverance each 
individual question was examined, and the care with which they were 
all subordinated to a general and high order of ideas. " I construct," 
said be, " a ladder to the top of which 1 shall never climb, but, as a con- 
sciontious workman, I wish those who shall mount it to find every round 
of good material, solid, and without defect." 

The Bibliotkeque Umverselle de Geneve numbered Auguste De La Eive 
among its most faithful contributors for nearly half a century. He for 
a long time directed with indefatigable zeal not only the scientific divis- 
ion considered as his natuml domain, but also the literary department, in 
which he was at first regarded as a usurper. Tlie public acknowledged 
that, in assuming the control of the periodical, he insured for it an impor- 
tant ecientific value, but questioned the wisdom of intrusting the literary 
part to the direction of a savant, considering that the study of science 
teuds to lessened sensibility to the delicate charm of letters. Ent never 
had this portion of the review been as replete with matter of an inter- 
esting and entertaining character. Many of the charming productions 
of Toppfer first saw in it the light of day, and it this amiable artist man- 
ifested great vigor in his humorous sketches, Auguste De La Eivo also 
showed his good taste in selecting and appreciating the merit of these 
effusions. 

It was not without reflection that Angustc De La Eive partially aban- 
doned hislaboratory and favorite studies, to devote aportionof his time, 
talents, and fortune to the support of a scientific and literary publica- 
tion which, from the beginning of the century, sustained the moral and 
intellectual authority of Geneva. He was convinced that the Biblio 
tk&gue (/nicerseiie exercised, like the Edinburgh Review, a salutary influ- 
ence. The articles selected gave full information on all the important 
questions of the day, although regarding them from a national poiutof 
view, and tbus, whileimpartiug knowledge, kept patriotism alive. His 
comments upou literature and art, full of elevated sentiment and respect 
for human understanding, left a very pleasing impression upon the mind 
of the reader. Nothing was admitted into the journal which could not be 
read aloud in the parlor, or could cause uneasiness to the mother of a fam- 
ily. Somewhat of puritanism in ideas, and a certain austerity in conduct, 
was not displeasing to DeLaEive. He admitted that, if carried to excess, 
these qualities became ridiculous; but their absence he thought led to dis- 
order. A small country, he said, can exist only under the double condition 
of httving a fixed faith in certain principles, and in conforming the life to 
them; it must have a physiognomy of its own, and keep it intact; must be 
itself, and not everybody else; must preserve its own identity, a very diffi- 
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cult matter when railroads tend to mingle ail the world into one commu- 
nity — impossible, unless from time to time some voice of authority brings 
into barmouy the discordant elements of society. 

In 1815, when Switzerland regained her ancient liberty, Geneva be- 
came the temporary abode of many illastrions persons politically dis- 
tinguished. Some came to enjoy the uatural beauty of the shores of Lake 
L4man, or to rest for a few days in this celebrated city, placed at the 
confluence of the routes from the north of Europe, from France, and 
from Italy; others, banished &om their native land, sought an asylum 
among its hospitable inhabitants. Never was there a moro singular ming- 
ling of the people of every nation, of the representatives of all the conti- 
nental countries, many of whom had met before on the field of battle, 
and of England, which had been separated from the lest of Europe for 
more than thirty years, with the sons of the East, nnmistakable in 
their peculiar type of huniauity. In the streets every kind of costume 
appeared, every language was spoken; in the social assemblies every 
nationality fraternized. 

Meanwhile the Genevese legislators, intrusted with the formation of 
a constitution for the canton, and anxious to obliterate all traces of the 
long alliance with the forms of the French administration, found, in the 
Parliament of England and its controlling aristocracy, the bean-ideal of 
government. Political party-spirit soon attained as great a degree of 
intensity in tbis as in countries of much larger extent. Everybody was 
in favor of a constitutional government ; but while with some, veritable 
tories, the principle of authority was supreme, with others, true whigs, 
the idea of liberty was uppermost, and, as usual in such cases, neither 
side was willing to make concessions. Oaspard De La Bivc, tlrst syndic 
of the republic, was at the head of the conservative division, while his 
son, in common with most of the young men, belonged to the liberal 
party, prominent among whom was a former member of the French 
Academy, Simond de Sisniondi. 

Angnste De La Rive was too ardent in temperament and too truly pa- 
triotic in feeling to be indifferent to the political events which later 
threatened the tranquillity of his country. Still professing liberal prin- 
ciples, as in the days of his yonth, he determined to resist the encroach- 
ments of a turbulent and oppressive democracy, and became in his turn 
the leader of a new conservative party. 

After the revolution in Geneva, and at the time of tlie Sondefbund 
war, he resigned his professorship and retired from public life. Still, 
when, on the annexation of Savoy to P^uce, some uneasiness was telt 
by the Helvetic government, he was sent to London, as minister pleni- 
potentiary arid envoy extraordinary, to guard the interests of the Con- 
federation. He was treated by the Queen with the highest distinction, 
and on bis return to his native land received a new mark of confidence ; 
he was made a member of the select assembly for the revision of the 
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coostitntioQ of Geneva. And when his term of otBce was completed, 
he resigned entirely all share in the government of his conntry. 

He coatd not forgive a revolution which could tempt from the caltnre 
of intelligence the vigorous offspring of noble and opulent families, to 
immerse them in business affairs. The recognized superiority of , bis 
native city over many others greater in extent and population, he ex- 
plained, not by its position upon the shores of Lake L^man, nor by the 
beauty of its surroundings, nor yet by its great trade in watches. He 
attributed all its importance to the brilliant assembly of thinkers, jihi- 
loaophers, writers, and savants who had rendered it illustrious. Vol- 
taire, Uouaseau, Madame de Stael, for instance, would never be forgot- 
ten ; and the beautiful iuvestigations of Charles Bonnet in natural phi- 
losophy ; the discoveries of Tremblay in regard to polyps ; of the blind 
Huber concerning bees, and his son in respect to the habits of the ant; 
the Alpiue jourueys of Horace Benedict de Saussure, one of the found- 
ers of geological science ; the works of Senebier and of Theodore de 
Saussure upon the physiology of plants, could not be efi'aced from the 
great book of human knowledge without injuring the iuteliectual pros- 
pects of future ages. The academy and the venerable ecclesiastic com- 
pany had been the soul of Geneva, and he could not see without un- 
easiness their influence diminish. He was right. Alexander victorious 
did not save Macedonia from forgetfuluess ; Athens, so often iuvaded, 
has survived her misfortunes, and will always live in the memory of 
man. War may make slaves and reduce to impotency the limbs of the 
vanquished, but she cannot touch the human mind nor the imprint it 
leaves upon the religion, philosophy, letters, science, and art of its 
masters. 

Geneva, like Florence, considered that her real existence lay in the 
noble minds that made her famous, but the fears of De La Bive for her 
future were without foundation. To the wise generation of the last 
century and the commencement of the present, to which he belonged, 
has succeeded a people full of vigor and worthy to occupy the palace 
raised by the provident city in honor of science. In this privileged 
country, thanks to the example of our associate and of his assistant 
laborers, as well as to the liberal institutions inspired by bim, the youth- 
ful representatives of noble and ancient families are more ready to look 
upon fortune as a means of advancing knowledge than to value learning 
as an assistance in the acquirement of material prosperity. 

The interests of Auguste De La Rive were not all centered in Geneva. 
A large share of his thoughts and affections were reserved for Pr^singe, 
an estate of considerable extent, ancient tenure of the dukes of Savoy. 
The family of La Rive had been in possession of this patriarchal domain 
for several ceutnries, and for generations the surrounding agricultural 
population were benefited by the influence of its amiable representa- 
tives. Gaspard De La Rive and bis son nodoubt did much to foster the 
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hatred of display, the active beuevolence, absence of prido, and aversion 
to pedantry, which are characteristic in Savoy of the habits and maaners 
of the gentleman. 

His quiet life in this peaceful retreat was troubled by the materiiil 
specnlatioQS of the age, which he regarded with more solicitude than 
moat of his conntrymen. Attached to the truths of the Christiiin reli- 
gion, be was a member of the Protestant Church of Geneva, hut bis 
respect was great for the Boman Catholic faitb, which was professed by 
many of his relations and friends, and by the larger part of the resi- 
dent population in the neighborhood of Pr^singe, amoug whom he lived, 
loving and beloved, sharing all their interests, moral and religious, evea 
to the building of their cburch. In what times of religious disorder we 
live, he said, and how science is implicated. In our youth, full of enthu- 
siasm for her, we little thought a day would come when she would deny 
the assertion of Bossuet, "Were man openly to declare himself Ood, 
his pride would revolt at such presumption; but to call himself God, 
aud yet feel himself to be mortal, is to sbame even the blindest arro- 
gance." 

The spirit of tolerance, so natiu-al to our associate, led him to avoid 
everything that would wound the convictious of others ; but tliere came 
a time when to keep silent was to deny his faith, and he did not wish 
the world to think that those who advocated materialism in the name of 
science were sure of the npprobatiou and complicity of all savants. It 
is by no means the case, he said, with decision, and it is our duty to say 
so. Science is great; her role is glorious; but her domain is circum- 
scribed. She commands matter, but has no control over mind. We can 
better explain tbe course of the stars than the astronomers of the time of 
Homer, but have added nothing to our knowledge of the human pas- 
sions he so vividly portrayed. Our ideas in regard to heat are more 
certain than those of Eschylus, but concerning oppression and wrong 
they have not changed since the protestations against tyranny and brutal 
force of the author of Prometheus Bound. We are better acquainted 
than Virgil with tbe action of the heart in the circulation of the blood, 
but have discovered no new sentiment of pity or tenderness. Man does 
not need science to sound the depths of the human soul, and tbe stady 
of the physical forces showstbat between them and the moral attributes 
there is nothing in common. 

Many associations connected De La Rive with England, formed during 
bis residence as minister in that country, and with France he was united 
by friendship with many of its distinguished men, among whom were M. 
de Tocqneville andM.deMontalembert. With Savoy aud Italy ancient 
family relations had been revived and strengthened by an affectionate 
and close intimacy with his relative, the count of Oavour, who was, 
from his earliest infancy, accustomed to spend every year several weeks 
at Pr^ittge. In early life the yonng savant and the future statesman 
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wlio was to exercise so gi'eat an iaflaeDce upon the destinies of Italj, 
were for a long time in perfect accord apon the ground of liberal ideas. 
Surrounded by influences unfa,vorable to their convictions, they enjoyed 
together the forbidden Itnit; and sometimes in the evening, in the par- 
lor of Pr6singe, while their elders slept by the fireside, would scandalize 
the feminine portion of the family circle by exaggerated espression of 
their opinions, which their troubled audience dared not oppose for fear 
of awakeniug those in whom these views would have excited the utmost 
consternation. lu later years this union of sentiment was gradually 
dissolved, Cavour, through struggling with absolute governments, be- 
came more and more a partisan of liberty, while De La Eive, disgusted 
with the unreasonable demands of democracy, united himself more and 
more closely with the conservative party. Their friendship, however, 
was never disturbed, and if tlie bust of the statesman occupied in the 
parlor of our associate a place of distinction opposite that of the cele- 
brated Bossi, on the other hand Gavoar never could speak of the savant 
except in terms of tender affection and profound respect. 

M. Augusts De La Kive was, to an unusual degree, favored in the cir- 
cumstances of his life. Tlie scion of an illustrious family, of a spotless 
name, educated by a father of large heart and noble understanding, mas- 
ter of a fortune which allowed free pursuit of his studies, and residing 
in a country where he was appreciated at his proper value, he passed 
his days in unbroken prosperity and in the quiet eiijoymeut of the pleas- 
ures derived from a love for letters and the fine arts, the culture of 
science, the practice of benevolence, devotion to bis country, and the 
joys of domestic life. When, after having long been a correspondent of 
the French Academy, he was made a member, he wrote to me, "Ihave 
nothing now to wish for; my desires are mure than satisfied." A portion 
of the year he passed in his city residence, the remainder of the time in 
the country at Pr^singe, and in both places he exercised a generous 
hospitality. Favorable as destiny had been to him in life, his death 
was followed by a series of distressiug events. In one short month, his 
brother, who was united to him by ties of the Cenderest affection, his 
relative and friend M. Jules Francois Pictet, one of the most eminent 
naturalists of the day, two of his sons-in-law, and Madame Quetelet, who 
in her sorrow survived him only a few days, had also passed away. As 
we visit his deserted laboratories, the scene of so many interesting discov- 
eries, and wander, in imagination, through his two abodes, so full of 
happy memories; through the silent halls whose echoes might repeat 
the noble words of one of the greatest philosophers of the century, the 
heart is oppressed with grief. But we remember that the eminently 
good man, the illustrious and venerated savant, whose presence we 
seek iu vain in these now melancholy abodes of sorrow, will live forever 
iu the ineffaceable record of tlie past. Auguste De La Kive, far ftom 
the belief that, on leaving this world, he would sink into nothing, as the 
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epliemeral vapor is dissipated in tbe rays of tlie sun, placed full confi- 
dence ia a future reserved for man, in tbe hope of another and higber 
state of existence. There is consolation in the thought that be leaves 
behiad him two sons worthy to be his successors, as well as a son-in- 
law, and three dangbters, wbom be regarded witb great tenderness, and 
•wbo will cherish witb veneration and transmit to his descendants bis 
noble example of patriotisoi, benevolence, and respect for labor. But 
.the homage we render bim is not confined to this world ; it mounts to 
tlie happy regions where he dwells an immortal soul, and worthy of 
bis immortality. 
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ON TIDES AND TIDAL ACTION IN HARBORS.' 



? Professor J. E. Hilgard, of ihe U. 8. Coast SuRVBy, WAsmKeros, D. C. 



Ladies AND Gehtlemen: I propose to eugage your attention this 
eveniog with tbe sabject of the tides of the ocean and the influence ex- 
erted by tidal currenta on onr harbors. I shall first briefly describe the 
phenomena of the tides as they preBent themselves to an observer, then 
consider the physical eanses to which these phenomena are due, next 
examine more in detail tbe phases of the tide on our own coasts, and 
finally describe the tidal bydraalics of tbe magnificent barber of Kew 
York. 

Tbe most obvioas cbange in the surface of the ocean to be noticed 
upon our shores is tbe alternate rising and filing regularly twice in 
every day. Closer attention wilt show that the tides of each day occur 
somewhat later than those of tbe preceding day, the average time of re- 
tardation being fifty-two minates, and that this retardation corresponds 
to that of the moon. It will pass as a fair approximation to say, that it 
is high water at New York with a southeast moon, or similarly for New 
Castle, on tbe Delaware, that high water occnrswben the moon is south 
In fact, so closely is the time of tide connected with the position of tbe 
moon, that in order to give tbe time of high water upon any day ap- 
proximately it is cnstomary to state tbe time of high water on tbe days 
of the new and full moon, when tbe moon passes the meridian at twelve 
o'clock, nearly. This time is called tbe " establishment of tbe port." 
Then, to find the time of high water on any other day, it is only neces- 
sary to add tbe " establishment " to the time of tbe moon's meridian 
passage on tbat day. On closer examination, it will be fonnd that tbe 
interval between the time of the moon's passage over tbe meridian and 
the time of high water, called the luni-tidal interval, varies with the 
moon's age very sensibly. Moreover, tbe elevation at high water and 
depression at low water will not always be the same, but will be great- 
est about the times of new moon and full moon, and least about the first 
and third quarters. The details of these variations will be best traced 
out in coDuection with tbe explanation of their causes, to which we will 
now proceed. 

The popular explanation of tbe tides, as depending on tbe law of gravi- 
tation, is sufficiently simple, although the complete mathematical inves- 
tigation of the subject, by which we should be enabled to predict their 
* Delivered before tbe American InsUtule, Joduiu'j 27, iSTI, with tevision. 
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occurrence and magnitude for any place, is encouipasseil with difflctil- 
ties, from causes to wliich we shall hereafter revert. 

If we conceive the earth to be wholly, or for the greater part, covered 
with water and subject to the attractiou of tbe sua, the force of which 
varies inversely as the square of the distance, it will be obvious, that 
while tbe wholeearth will fall toward the sun with arelocity proportioned 
to tbe aggregate attraction npon its solid portions, (which is the same as 
if all the matter were collected at its center,) the water nearest to the 
sun being accelerated by a greater force, and being fluid, will approach 
the sun more rapidly than the solid core. It will thus run from all sides 
into a protuberance beyond the form of equilibrium of the earth's attrac- 
tion aud rotation, until the pressure of the elevated mass equals the dif- 
ference in tbe attractiou of the sun. Moreover, a similar protuberance 
will be formed on the side opposite to the aun, since the particles of 
water, being solicited by a less force than the solid core, will fall more 
slowly toward the sun, and as it were remain behind. Nor does the feet 
that on the average the earth does not lessen its distance &om the sun, in 
tbe least invalidate the force of this reasoning ; for the deviations from 
the tangential motion of the earth in its orbit are precisely those which 
the earth would move through if falling toward the sun unaffected by 
any other impulse. 

The same considerations hold good in regard to the attraction of the 
moon upon the earth aud the waters surrounding it ; for although we are 
in the habit of considering the moon as simply revolving about the earth, 
it must be remembered that the attraction is mutual, that both bodies 
describe orbits about their common center of gravity, and that while the 
moon obeys tbe attractive force of the earth, the latter equally follows 
that of the former, by which it is at every instant of time drawn from the 
path which it would pursue if that influence did not exist by an amount 
precisely equal to the fall corresponding to the moon's attractive force. 

As a necessary c^mseqnence of the elevation of the water in the 
regions nearest to and most remote from the attracting body, there 
must be a corresponding depression below the mean level of the sea 
at points distant ninety degrees from the vertices of the protuberances, 
or at the sides of the earth, as seen from the sun or moon. If the latter 
bodies maintained a constant position with respect to the earth, the 
efi'ect would therefore be to produce a distortion of figure in the ocean- 
Burtace, (assumed to coverthewholeearth,) having the form of a slightly 
elongated ellipsoid, tbe two vertices of which would be the one pre- 
cisely under, the other precisely opposite to, the points at which tbe 
disturbing body is vertical. This, however, is not the case ; for by the 
rotation of the earth, and the motion of earth and moon in their orbits, 
tbe direction of tbe disturbing forces is constantly changing with re8i>ect 
to any point on the earth's surface. New points arrive at every instant 
under the zenith and nadir of either lumiuary, and thus it is that waves 
are produced which follow them round the globe. The highest points 
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of these waves will remain far behiitd the verticals of the distarbing 
bodies, liecauae the iuertia and friction of the water prevent the rapid 
change of form required, and because, although the elevating force is 
greatest under the vertical, it still continaes to act in the same direetion 
for- some hours after the passage of the luminary, with but little 
dimiuished force. 

This retardation, which would be sensible nnder the simple supposi- 
tion of an uuiotemipted ocean covering the earth's surface, becomes 
very considerable nnder the actual circumstaDces of the case. The 
depth of the sea varies so much, and the form of its basin, taken as a 
whole, is so interrupted by the land, that no regular progressive move- 
ment of the tide-wave can take place, except in the great Sontherii 
Ocean. At all points on the coast the phases of the tide will follow 
the periodicity of the forces causing them, but at each point, at a greater 
or less interval from the culniioatioD of the sun or moon, according to 
its local position, and the more or less circuitous coarse taken by the 
tide-wave to reach it. This interval and the actual rise and fall of the 
tide must be determined for each place by special observation. 

LUm-SOL-AR PHASES OP THE TIDES. 

The close relations which the times of high water bear to the times 
of the moon's passage show that the moon's influence in raising the 
tides must be much greater than the sun's. In fact, while the whole 
attraction of the snn upon the earth far exceeds that of the moon, yet 
owing to the greater proximity of the latter, the difference between 
its attraction at the center of the earth and at the nearest or most 
remote i>oint of its surfoce, which difference alone produces the tides, 
is about two and a half times as great as the difference of the sun's 
attraction at the same i>oints. 

SEMI-MONTHLY INEQUALITY. 

We will now consider the particular phases resulting from the com- 
bination of the lunar and solar tides, and from the varying jiositions of 
those bodies. There will be two complete luuar tides in every lunar 
day of twenty-four hours fifty-two minutes, and also two complete 
solar tides in every mean solar day of twenty-four hours. These are 
known as the semi-diurnal tides, and constitute the principal variations 
of the sea-level. The combined effect of these two fluctuations will be 
most readily understood by reference to the annexed diagram, in which 
the lunar tide is represented by dashes, the solar by dots, and the com- 
bined or actual tide by a full line. At the time of syzygies, or full and 
change of the moon, the effects of both sun and moon combine together 
to prodnce the spring-tides, when high water is higher and low water is 
lower than at mean tides hy the amount of the solar tide. At quad- 
ratures the high water of the suu will combine with the ktw water of 
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the moon to produce a less fait, and the Ion* water of the son with the 
high nater of the moon to produce a less rise than at mean tides ; and 
■we have the neap-tides, the range of which is less than the mean range 
by the amouDt of the uolar tide. Thas, at New York, the rise and fall 
at syzygies is 5.1 feet, at quadrature 3.4 feet, the former heiug the sbiu, 

SEMI-MONTHLY INEQUALITY 
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the latter the difference of the lunar and solar tides, whence we obtain 
for the effect of the moon 4.4 feet and for thu,t of the aao one foot, or ft 
ratio of forty-four to ten. This proportion does not prove to l>e the 
same in all parts of the world, and even varies considerably in places 
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not tar distant from eacb ottier. At Boston the heights are 11.3 and 
8.5 feet, respectively, giving a proportion of seven to one. On the 
Atlantic coast of the United States it averages about five to one, while 
on the east side of the Atlantic Ocean, on the coasts of France and 
Kngland, it is in many parts as three to one. These differences are to 
he ascribed to the fact that the shore and harbor tides which we observe 
have in every instance acquired a greater magnitude than the oceau 
tides, in conseqnence of the wave having passed over a sloping bottom 
and having t>een greatly retarded by the effect of friction. A comparisoa 
of the range of spring and neap-tides, therefore, will not serve as a 
correct measure of the relative eftect of the sun and moon, unless the 
effect of friction were taken into consideration, which we are at present 
unable to do for want of a complete knowledge of the configuration of 
the bottom. 

The interval between the moon's meridian passage and the time of 
high water is subject, to a variation similar to that of the height. On 
the day after the spring-tides, the top of the solar tide-wave will be 
nearly an hour in advance of the lunar tide-wave, and the two waves 
will combine to make high water earlier than the moon's alone would 
bring it. It will continue to be earlier nntil the moon's transit is 
later by three hours, or In the first octani. It then falls hack nntil it 
is latest in the third octant, and again advances, nntil, at the next 
springtides, it reaches its mean period. The mean of all the luni-tidal 
intervals for half a month at a port its called its mean establishnent, 
which is used tor finding the time of high water on any given day ; and 
tables are constructed from observations at the principal ports for find- 
ing the correction for semi-monthly inequality due to the moon's age. 
ThnSjforNew York, the mean luni-tidal interval is 8b. 13ra., and its 
least and greatest values are 7b. 52m. and 8h. 35m. On the Atlantic 
coast of the United States the range of this inequality is about three- 
quarters of an hour ; on the coasts of France and Great Britain it often 
exceeds one and a half hours. 

DIUSMAL INEQUALITY. 

The next variation of the tides to be considered is that dependent on 
the moon's declination. Were that body constantly in the plane of the 
equator, the highest points of the tide-waves would also be in that plane, 
and would consequently produce a series of equal tides at any place 
either north or south of the equator. But it is evident that, when the 
moon ascends to the north, the vertex of the tide-wave will tend to fol- 
low it, giving the highest point of one tide in the northern, and the 
highest point of the opposite tide in the southern, hemisphere. Conse- 
quently, when the moon has a northern declination, the tide at any place 
in the northern hemisphere caused by its upper transit will be higher 
than that caused by its lower transit. (Sec diagram of diurnal inequal- 
ity.) This variation in the heights has a period of one lunar day, and 
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is called the diurnal inequality; it reaches its maximnm vrbeo the moon 
is at its greatest nortbern or soutbero declinatioD, and disappears when 
it is OD the equator, and consequently has a half-monthly period. The 
Tariations of height from this cause produce a corresponding inequality 
in the times of high water. The sun's declination affects the tides in a 
similar manner, but the amount of the disturbance is very small, and its 
period extends over half a year. In long aeries of observations its effect 
i^ nevertheless well marked, both in height and time. The diumal in- 
t^uality, depending upon the moon's dedination, is, on the other hand, 
quite sensible, and in many places constitntes a prominent feature of 
the tides, as on the Pacific coast of North America. 




PARALLACTIC INEQUALITY. 

A further cause in the variation of the height of the tides Is the varia- 
tion of the distances of the sun aud the moon by reason of the ellipticity 
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of tbeir orbits. Theefficacyof a heavenly body ia raising tides is shown 
by theory t« be ioversely proportional to the cnbe of the distance. 
Hence the efficacy of the snn will fluctnate between the extremes nine- 
teen and twenty-one, takinj; twenty for its mean value, and that of the 
moon between forty-three nnd fiity-nine. Taking into account this 
cause of difference, the liigbest spring-tide will be to the lowest neap as 
69+21 to 43 — 19, or as eighty to twenty-four, or t«n to three ; leaving 
out of consideration the local circumstances of access and depth, which, 
as we have stated, modify those proportions in a marked degree. 

TYPE CCETES. 

' The three principal forms of tides are illustrated in the annexed dia- 
gram, which exhibits tEie tides at New York, San Francisco, and Galves- 
ton for two days from actual observation. Of these, that for San Fran- 
cisco may be taken as the normal type, showing the diurnal inequality, 
while that at New York, as at other ports on the Atlantic coast, is not 
sensibly affected by it. The explanation of this feature is probably to 
be found in the supposition that the tide-wave which advances np into 
the Atlantic Ocean from the continuous tide in the Soatbem Ocean ar- 
rives on our shores twelve hours later than the direct tide-wave wbieb 
crosses the Atlantic from east to west. In this way the diurnal inequal- 
ity will bo eliminated by the superposition of the two tides, the greater 
high water of the former coinciding with the lesser of the latter, and 
vice versa, leaving the semi-diurnal tides of equal height. 

TIDE REGISTERS 
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The tide at Galveston, on the other hand, furnishes a case of the elim- 
ination of the semi-diurual tide, leaving as a residual only the dinrnol 
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inequality. It is to be presumed Id tlila iustance that tbe tides reaching 
Galveeton throngh the straits of Florida and tbrough the' passage be- 
tween Cuba and Yucatan difiPer by six hours in tbeir periods, causing 
the low water of one to coincide with tbe high water of the other, thus 
sensibly destroying the semi-diurnal tides, except in so far as they are 
anecjnal. This leaves a small tide outstanding, having substantial )y 
the form of the diurnal inequality, and pimlucingtbeappearaaceof tb& 
" single-day tide," or one high and one low water in every twenty -four 
hours. This residual fluctuation is well marked at times when tbe 
moon's declination is considerable on either side of the equator, but dis- 
appears almost entirely when the moon is near the equator, since, at 
such times, the diurnal inequality disappears. Tides of this class have 
always a small range; in the Gulf of Mexico tbey rarely exceed two and 
a half feet, and the average rise and fall is but one and a half foot. 

The tides on the coasts of tbe United States have been specially in- 
vestigated by Professor Bache, the late Superintendent of the Americaa 
Coast Survey. In connection with that work he organized an extensive 
system of exact tidal observations, for tbe purpose of ascertaining the 
complicated laws which govern the tides of the seas that wash our 
shores. It will be readily understood that in order to separate the 
effects of the different causes which modify the phenomena, it is not 
sufficient to observe merely the heights and times of high and low 
water, Imt that a continuous record of the tides is necessary, as the 
inequalities are constantly shifting their place and magnitude. 

TIDE-GAUGES. 

For this purpose a self-registering tide-gauge is used, by which a 
continuous curve, representing the successive changes in tbe height of 
water, is traced on paper, moved by clock-work, by a ])encil actuated by 
the risiug aud falling of a float in a vertical bos, to which the tide has 
free access. The time-scale Is such that everj- hour is represented by 
one inch, and is pricked into the paper by points on the cylinder which 
moves the paper forward. The scale of heights is so adapted to the 
range of the tide at the place of observation that the extreme range of 
the curve will not exceed the width of the sheet — twelve inches. A con- 
tinuous sheet, safQcient for tbe record of a whole month, is put on the 
tide-gauge at one time. A complete description of this instrument will 
be tbuud in the United States Coast Survey Report for 1S53. [The 
lecturer illustrated the construction of several tide-gauges by means of 
diagrams.] 

In northern ports interruptions are experienced in winter from the 
float-box becoming clogged with ice, and various devices have been 
resorted to tbr overcoming this difiScnlty. One of tbe most effective has 
been that of maintaining a temperature above freezing within the float- 
box by means of a simple beating-apparatus. An arrangement of this 
kind bas actually been used on tbe Fox Islands, in Penobscot Bay. A 
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Btream of water flows slowly from an elevated hogshead through a coil 
in a large stove, passes down to the bottom of the float-box aud np 
again into another hogshead, from which it is pumped up every day by 
the observer into the first one. As but a small elevation of temperature 
is necessary, this arrangement has proved quite suflScieut. 

Another arrangement, devised by Mr. Batchelder, of Boston, and 
called by bim an "Arctic tide-gauge," is in use at Boston, and has com- 
pared well with the ordinary float-gauge. It consists of a strong iron 
tube, about four inches in diameter, firmly bolted to a wharf or pile. It 
is open at the top, and has at the lower end a nipple, to which an India- 
rubber bag is fastened; the length of the tube being. sufficient to allow 
the elastic bag to be always submerged at the lowest stage of the tide. 
The bag is supported by a suitable shelf or cage, and .is filled with 
glycerine, which is poured in at the top of the tube. When in this con- 
dition the glycerine rises and falls within the iron tube in proportion to 
tlie varying height and pressure of the column of water above the rub- 
ber bag, the difference in the height of the two columns being in pro- 
portion to the difference of the specific gravity of the water and the 
glycerine. The parts above described insure protection against floating 
icCj and prevent congelation within the iron tube. 

A copper tube about three iuches in diameter, closed at the bottom 
and open at the top, is placed within the iron tube, aud floats iu the 
glycerine ; if left free, it would rise aud fall with the changing level of 
this liquid. The length of the central tube is a little greater than the 
whole range of the tide. 

Near the upper end of the outer tube there are three spiral springs, 
fixed at the top and united at the bottom by a plate or disk, from which 
the central copper tube is suspended. From a stem fixed to the central 
tube or float, and moving with it, a string or chain leads over a single 
pulley, and gives horizontal motion to the pencil-carriage of the record- 
iug- apparatus. 

The distance that the central tube is to move vertically is adjusted to 
agree with the required range of the pencil upon the record-paper by 
placing within it suitable weights. 

As the glycerine rises or falls in the annular space between the iron 
tube and the central float, the spiral spring at the top is mure or leas 
extended, the extension being uniform on account of the cylindrical form 
of the float. 

It is not necessary that the India-rubber bag be inclosed in a perfo- 
rated box, for the purpose of preventing oscillation, as it is always sub- 
merged, and the pressure upon it is equal to the'weight of the column 
of water, having its base at the bag, and its summit at the mean level of 
the surface-waves. 

A tide-gauge, for observations on an open coast, has been devised by 
Mr. Henry Mitchell, of the Coast Survey. The graduated scale on the 
float is read from the shore by means of a spy -glass, the top of the tiibe 
serving as index-mark. ( immjIc 
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PEEDICTION OF TIDES. 

Self-registering tide-gauges have been kept in operation for a number 
of years at different points on both coasts of the United States, in order 
to obtain from tbem tlie data for predicting the tides ; and as a result, 
tide-tables have been published by the Coast Survey for some years 
past, giving in advance the times and heights of high and low water for 
all the principal ports in the tJiiited States for every day in the year. 
In addition to this, the differences are given by which to find the same 
for intermediate ports. 

A very elaborate discussion of the tides observed at Boston during 
nineteen years, a full lunar cycle, has been made by Mr. William Parrel, 
of the Coast Survey, and bas resulted in representing the actual tides 
with unlooked-for precision. By the introduction of the consideration of 
friction Mr. Perrel has also succeeded in deriving a value for the- mass 
of the moon, frbich aj>pears to com[iet« in exactness with the values 
obtained by astronomical methods. It is one seventy-seventh part of 
that of the earth. 

EAETHQUAKE-WAVES. 

The tide-gauges being in continuous operation, all other fluctuations 
of the ocean-level besides those produced by the tides are likewise reg- 
istered. The tide-curves of the western coast are frequently found in- 
dented by fluctuations arisiugfrom earthquakes. A remarkable instance 
of thiskind i^j given in the annexed diagram of eartbquake-wnves, which 

EARTHaUAKE WAVES AT FORT FT, AS RECOBDEO ON THE! 9ELF-REGI5TEBING TIDE GAUGE. 
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recorded the earthquake that destroyed the city of Simoda, in Japan, 
in December, 1854. The upper curve is a reduction from the tide-gauge 
register, while the lower shows the eartbquakewaves separated from 
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the tidal wave. The time required for the traDSmissioD of the sea-v%ve3 
from Simoda to San Francisco was twelve bours and thirty-six miuates. 
The distance being 4,500 mileS) the transmissioD of the wave was at an arer- 
agerateofSfiO miles per hour. The theoryof wave-motion teaches us that 
this velocity will be attained by a free-moving wave in a depth of l,4i0 
fathoms, which may be taken as the average depth of the Pacific Ocean 
between Japan and California. It will be observed that the crests of 
the waves occur at intervals of about twenty-tbree minutes, correspond- 
ing to a length, from crest to crest, of 150 miles. The height when 
the waves arrived at San Fraocisco was about eighteen inches from 
hollow to crest, the high waves caused by the original impulse having 
gradually flattened out to that form in their transmissiou across the 
ocean. 

The great earthquake which occurred in Peru, in August, 1S63, was 
likewise recorded od the tide-gauges at San Diego, San Francisco, and 
Astoria. The fluctuation of the ocean was so great in this instance as 
to be very sensible to casual observation, and was noted in Australia, 
at the Sandwich Islands, and at Kodiak, in Alaska. The data obtained 
from these observations, combined with the result before mentioned, 
indicate that the average depth of the Pacific Ocean is about 1,800 
fathoms. 

MOVEMENT OF TIDAL WAVES. 

The wavesabove described, originating with an impulse atone definite 
point, and propagated freely through the oceau in every direction, with 
a velocity depending upon the square root of the depth of the sea, may 
serve as good illustrations of the manner in which tides are propagated 
through sounds, bays, and rivers. The following table gives the rate of 
motion fordifTerent depths: 

Depth iu feet 10 Miles per hour 12.2 

60 " " 30. 

100 " " 38.7 

1,000 « " 122.3 

0,000 " " 290.5 

That movement of the ocean, however, which we have designated by 
the name of tide-wave, does not partake of the nature of a wave in the 
common acceptation of the term, but it is rather to be conceived as a 
general movement of the water toward a point nnder the attracting body, 
and again away from it. Its periodicity is strictly dependent upon that 
of the attracting body. The velocity of the movement is about 1,000 
miles per hour on the equator; it extends to the bottom of the ocean, 
the depth of which is inconsiderable compared with the radius of the 
earth. It is not att'>nded by a sensible elevation of the water in mid- 
ocean ; and in this respect the characteristic of what we call a wave is 
absent. The movement may be likened to that of an impulse given to 
H very long rigid bar, as of iron. Iu this case, a sensible time will be 
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required for the transmission of the impulse from one end to the other, 
iind during its transmission the particles will auccesaively approach to 
each other, hy which an infinitesimal elevation and sabsidence, after 
the manner of a wave, will he produced. In the same way the trans- 

TIMES AND HEIGHTS OF TIDES ON ATLANTIC COAST OF UNfTED STATES 




mission of the movement through the incompressible water of the sea 
is attended with an iuflnitesiiual elevation and recession; but when the 
movement reaches shallow water, in approaching the shores, the hori- 
zontal motion is partly translated into vertical motion upon the sloping 
bottom ; and it is thus that the tides attain sensible vertical height. 
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How, where a bay or indentation of the coaat presents itself, ojtening 
favorably tfl the tide-wave thus developed, and decreases in width from 
its entraaee toward its head, the tide rises higher and higher from the 
month upward. Tliis is due to the concentration of the wave by the 
approach of the shores and to the gradual shoaling of the bottom. 

This effect is strikingly illustrated by a generalization of the heights 
of the tides on the Atlantic coast of the United States. That coast 
presents, in its general outline, as represented in the annexed diagram, 
Uiree large bays : the great southern, from Oape Florida to Cape Hat- 
teras; the great middle,. from Cape Hatteras to Uantucket ; and the 
great eastern, from Kantucket to Cape Sable, now known as the Gulf 
of Maine. It will be seen that the tide-wave arrives at about the same 
time at the headlands, Cape Florida, Cape Ilatteras, Nantucket, and 
Cape Sable, and that at those points the height is intjonsiderable com- 
pared with the rise at the head of the several bays. Thus, at Cape 
Florida the mean rise and fall is only one and one-half of a foot ; at' 
Hatteras, but two feet ; while at the intermediate entrance to Savannah 
it reaches seven feet, declining in height toward both capes. Again, at 
the head of the middle bay, in New York Harbor, it reaches five feet, 
while on the southeast side of Nantucket Island it is little over one 
foot. The con6guration of the eastern bay is less regular, and the cor- 
respondence of heights is not so obvious. The recess of Massachusetts 
Bay is well marked, the increase in height reaching ten feet at Boston 
and Plymouth. Rolling on eastward along the coast of Maine, It con- 
stantly increases; but the most striking effect of the convergence of 
shores is exhibited iu the Bay of Fundy, At St. John's the mean height 
of tide is niueteen feet, and at Sackville, iu Cumberland Basin, thirty- 
six feet, attaining to fifty feet and more at spring-tides. 

When the wave leaves the open sea, its front slope and rear slope are 
equal in length and siuiilar iu form, but as it advances into a narrow 
channel, bay, or river, its front slope becomes short and steep, and its 
rear slope becomes long and less inclined. Hence arises the fact that 
at a station near the sea, the time occupied by the rise is equal to that 
occupied by the descent; but at a station more removed from the sea, . 
the rise occupies a shorter time than the descent. Thus, in Delaware 
Bay and Biver we have the following relations of the duration and 
height of rise and fall: 
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An examination of this table will abow, besides tbe marked iDcrease 
Id the heigbt of tbe tide due to tbe contraction of the shores from the 
capes ap to Kew Castle, a subsequent loss from friction in a narrow 
channel of nearly uniform character, and correspondingly a rapid propa- 
gation of the tide-wave tbrougli the deep water of tbe bay, and a com- 
paratively slow movement along the narrower channel of the river. At 
tbe month of the bay the duration of rise exceeds that of fall by ten 
nfinutes, while at Philadelphia it is less by two boars forty-two min- 
utes. When the tide is very large compared with the depth of water, 
this inequality becomes very great; thus, in the Severn River,.at Newn- 
bam, above Bristol, England, the whole rise of eighteen feet takes place 
in one and a half hours, while the fall occupies ten hours. 

TIDiX OUEEENTS. 

The agency of tidal currents in producing changes in tbe entrances 
of bays and harbors is a subject of the first importance to commerce 
and navigation, and has received full attention in the prosecution of the 
American coast survey. The laws according to which the changes 
take place require to be studied by long-continued observation, and 
when the change is for the worse, the means of counteracting it must 
be pointed out. 

As on the average the same amount of water moves inward aud out- 
ward with the flood and ebb tides, we might readily suppose that the 
same amount of material is transported either way, and that no imjmr- 
taut change would take place in the configuration of the bottom. Bat 
tbe operation of the flood-stream is very different from that of tbe ebb- 
stream. We have, as a general feature, an interior basin of some ex- 
tent, communicating with tbe sea by a comparatively narrow passage. 
The dood'Stream, therefore, running with considerable velocity through 
this channel, will, as it enters the basin, spread out and l}ecome slow, 
depositing the sand and mud it is charged with, and making ext«n8ive 
flats or shoals opposite the entrance. The ebb-stream runs slowly over 
the flats from all directions toward the opening without removing much 
of the deposit, and gradually concentrates in definite narrow channels, 
which it scoops out, and the depth of which will depend in a great de* 
gree on the proportion of the area of the basin to the outlet, or, in other 
terms, on tbe difference of level which will be reached during the ebb 
between the basin and the ocean, which determines the greatest veloc- 
ity and transporting power reached by the ebb-stream. 

On the bars of most of the sand-barred harbors on our southern coast, 
the place and direction of tbe channel are frequently changed during 
violent storms ; when the direction of the waves happens to be oblique to 
that of the channel, or wben the sea runs directly upon the channel, the 
depth of water may be considerably diminisbed for tbe time being by the 
sand rolled up by the waves. But in all these cases it is found that 
the normal depth is speedily restored by the scour of the ebb-tide, which 
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d^euds upon tbe uncbanged factors of area aod form of basin, height 
of tide, and character of the material formiog the bar. 



STOHE-FLEET ON CHARLESTON BAR 
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An interesting instance of this maintenance of the depth of channels 
from a determiuatft tidal basin is furnished by the effects of the ob- 
stractions placed iu tbe channel over Charleston Bar during the war of 
the rebellion. On the accompanying diagram is seen the "stone fleet" 
Bnnk in the main channel, which at that time had twelve feet of water 
at low tide where the figure 7 indicates the present depth. There was, 
■■moreover, another channel, making out more to the southward, with 
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nine feet of water, where the flgnre 3 iadicates tbe present depth. The 
vessels were placed checker-wise, ia Bach a manner as to impede nsiviga- 
tion, while interfering least with the discharge of the water. The effect, 
ueTertheless, was the formation of a shoal in a short time, and the 
scouring out of two channels, one on each side of the obstructions, 
through which twelve and fourteen feet can now be carried at low water. 
The increased water-way thus given to the ebb-tide caused it to aban- 
don the old nine-foot channel on the less direct course to deep water. 
We have here the total obstruction of a channel which was of consider- 
able iuiiH)rtance to the southward trade by new eonditiona introduced 
at a point four miles distant from where the effect was produced, and 
we are warned bow carefully all the conditions of the hydraulic system 
of a harbor must be investigated before undertaking to make any 
change in its natural conditions, lest totally' unlooked-for results be pro- 
duced at points not taken into consideration. 

HEW YORK HABBOB. 

Approaching now more closely to the consideration of the tidal con- 
ditions in New York Harbor, we will examine the progress of the tide- 
wave through Long Island Sonnd from the eastward to its meeting with 
that entering New York Bay at Sandy Hook. 




We see trom the annexed diagram that about seven aud a half hours 
after the transit of the moon high water has advanced just within Block 
Island with an elevation of two feet, and at the Siime time has just 
passed Sandy Hook with an elevation of four and a half feet. Travers- 



dififereiice of level exiBtiog at auy time is of course mucli less ; bat 
the differeace of one foot is often observed within tbe space of 100 
feet in the most contracted portion of Hell Gate, off HuUett's Point 
Referring now more particularly to the diagram representing New 
Yorli Bay and Harbor, it isimport-int to observe that the entrance from 
Long Island Sound is a natural depression or arm of the sea, which ia 
not changed by the forces now in operation. The tidal currents which 
flow through it do not change the channel, bat are obliged to follow it 
in its tortuous coarse. The Sandy Hook entrance, on tbe contrary, is 
characterized by a cordon of sands, extending from Sandy Hook to 
Coney Island, intersected by channels, which are maintained against 
the action of the sea, that tends to fill them up, by the scour of the ebb- 
tide from the tidal basin of New York Harbor. 

Unlike Hell Gate passage, where permanence is the leading charac- 
teristic, the bar and channels of Sandy Hook have undergone continual 
changes within the brief period of our history. The advance of Sandy 
Book upon the main ship-channel is among the notable and important 
instances of the efiect of tidal currents. Within a century it has in- 
creased a mile and a quarter. In the place where the beacon on the 
end of the Hook now stands were forty feet of water fifteen years before 
it was built. The cause of this growth is a remarkably northwardly 
current along both shores of the Hook, rnnning both during the flooc! 
and the ebb tides with varying rates, and resulting from those tides 
directly and indirectly. 

The best water over tbe bar is about two miles east of Sapdy Hook 
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light, in a direct line with the swash chaDael, which is the second opeQ- 
iug — shown on the sketch — above the Hook ; the shoal lying botween 
the main or Hook channel and the swash channel being known as 
Flyun's KnoU. The greatest depth over the bar is twenty-two feet at 
mean low water ; and very nearly the same depth can now be carried 
through the swash channel, which formerly was three feet shallower, 

ENTRANCE TO HEW YORK HARBOR 




bat has deepened since the croBS-sectlon between the Hook and Flynn's 
KdoU has been diminished by one-third its area by the growth of the 
Hook. This relative change in the capacity of the channels has not, 
however, affected the depth on the outer bar, which, according to the 
principles above laid down, is dependent mainly upon the area of the 
tidal basin within. 

The depth of twenty-two feet at mean low water, which is now main- 
tained at the entrance through the sands coDstantly thrown up by the 
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waves of the sea, may be considered as depending npon the followiDg 
eleineDts: 

Ist. Tbe large basin between Sandy Hook and Staten Island, inclad- 
iiig Baritau Bay, which fuinisbes more than one-half of the whole ebb- 
Bconr; 

2d. What is called the Upper Bay, including the Jersey flats and 
Newark Bay, 

3d. Tbe North River, perhaps as far as Dobbs' Ferry, maintaining 
tbe bead of the ebb-current, althongh not directly taking part iu the 
outflow ; and, 

4tb. A portion of tbe sound tide, which flows in through Hell Gate. 

Tbe proportion of the three first divisions in producing the depth of 
channel may be approximately estimated by a comparison of tbe areas 
and distances from tbe bar. In order to maintain the depth which we 
now have, it is important that the area of the tidal bauin sbonld not be 
encroached upon. In proportion as that is diminished tbe depth of the 
channels will det'.rease. 

The flats, just bare at low water, but covered at high tide, form as 
important a part as any other portion, for it is obvious that it is only 
the volume of water cont&ined between tbe planes of low and high 
water — the " tide-prism " — that does the work in scouring tbe channels. 
Tbe water on tbe flats is especially useful by retarding the outflotv, 
thus allowing a greater difference of level to be reached between the 
basiuand the ocean. 

When we yield to tbe demands of commerce any portion of the tidal 
territory to be used for its wharves and docks, we must do so with full 
cognizance of the sacrifice we are about to make in the depth of water 
over the bar ; and in order to form any well-founded judgment in re- 
gard to the effect of sucb encroach meots, it is necessary to be in pos- 
session of tbe fullest knowledge of all the physical facts involved in 
the problem, and no measure of encroachment should be determined 
ni>on except in pursuance of the advice of scientific experts. 

A proposition frequently mooted by men of enterprise, aud resisted 
by those interested in the welfare of tbe city of New York, is tbe occu- 
pation of tbe Jersey flats from Paulus Hook to Bobbins Eeef for docks 
and wharves. Without expressing any opinion as to tbe relative value 
of tbe gain of accommodation for shipping and the loss of depth iu 
the channel, I venture to say that tbe withdrawal of that area from tbe 
domain of tbe tide would occasion a loss of not less than one foot in 
tbe depth of tbe bar off Sandy Hook, and certainly not more than two 
feet. 

The part which tbe fourth division in our classification of tbe basin 
of New York, that of the East Biver and Hell Gate passage, plays in 
the outflow of the ebb-tide through the Sandy Hook channels, depends 
less upon tbe area involved than upon tbe difference iu point of time 
and height of tide in Hell Gate, already adverted to. The westerly 
15 S C.OO^Ic 
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cnrroQt, nsnally called the ebb-stream, since it fitlls in witli the ebl>- 
atream of New York Harbor, taking place when the sound-tide is 
highest, starts from a level ot tQree and a half feet higher than the 
'easterly, and thas a much larger amoutit of water flows out through 
the Saudy Hook channels than through the narrows at Throg's Neck- 
It is api)arent, then, that this portion of the ebb-stream, re-enl'orcing as 
it does the ebb-stream of the harbor proper at the most favorable 
times, performs a most important part in maintaining the channels 
through the Sandy Hook bar. It may be estimated that the closing of 
Hell Gate would cause the loss of certainly not less than three feet in 
the depth of those channels. 

From what has been said with^egard to the meeting of the tides in 
Hell Gate, it will t)e seen that the violent currents experienced in that 
locality are due to causes beyond our control. The dangers to naviga- 
tion arising from these currents, however, by their setting vessels npon 
the rocks and reefs, may, in a great measuie, be done away with by the 
removal of the obstructions, in which work considerable progre.ss has 
already been made. The removal of the reef at Hallett's Point, the 
work npon which is now in progress, will doubtless, in a great degree, 
do away with the eddies and under-currents produced by the sharp turn 
which the channel now takes at that point. It is not improbable that 
the successful removal of those obstructions will yet cause the sound 
entrance to be used ia preference to the other by the fleets plying 
between European portsand the great commercial metropolis of America. 
Note. — Tbe reader who wubes to enter npan the mathematical treatmeDl of the subject 
of tides is referred to Airy's treatise on tides and waves, and to the memoirs of Whewell 
and Lnbbock, iu the Fhiiosopliicai Transactions of tbe Royal Societj ; and for investiga- 
tioos of tbe laws of the tides on our onn coasts, to the papers on that snbjoct by Bacbe 
and others iu the annual leports of the Coast Survey. Among the latter, the lecturer is 
particularly iudebte 1 to the " Report on the tides and currents of Hell date," by Henry 
Mitchell, 1667, in which the complicated problem of the tidal ciccnlation of Nen York Har- 
bor ia treated with great ability and success. 
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OBSERYATIONS UPON THE ELECTRICITY OF THE ATMOSPHERE 
AND THE AURORA BOREALIS, MADE DURING THE SWEDISH 
EXPEDITION OF 1868 TO THE NORTH POLE. 



Bj Prof. SelIH Lemstrum, 0/ the UniversUg tif Helsingfim, Finlajid. 



There can be do savant now livipg wUo is not convinced that polar 
light is a pbeuomenon due to electric action in tlie upper regions of the 
atmosphere. Of the two theories which have been advanced to explain 
the phenomeoon, one of which seeks its origin exclusively in vanations in 
the intensity of terrestrial magnetism, the other in the electricity of the 
air, the former must give place to the latter, since there are very many 
couvincing proofs in its favor. Unhappily, our knowledge of the electric 
state of the atmosphere ia high polar regions is very limited; could it 
be extended, all doubts which now exist in regard to the subject would 
probably di^ppear. The attempts made to discover the nature of 
atmospheric electricity in the regions of the extreme north, hare in gen- 
wai given only negative results, with the exception, however, of the re- 
searches made iu the neighborhood of Bossekop by French savants, who, 
by sending up a kite or an arrow, attached by a conducting wire to an 
electroscope, to a vertical height of from 30 to 40 yards, have proved 
the constant presence of positive electricity; but, these observations are 
too few in number, and were made in a latitude not suEBciently high to 
be couclusive. 

I. One of the most important of my objects In the physical researches 
of the expedition of 1868 was the study of the phenomena relating to the 
electricity of the atmosphere ; but notwithstanding all my care, I ob- 
tained only negative results. As I am convinced that in every case T 
cM>uld account for my want of success, I will briefly describe the experi- 
ments I attempted, in order to pass to the observations I had occasion to 
make in regard to the aurora borealis. 

The first experiment, made on the 26th and 28th of August, 1868, on 
a narrow tongue of land at Kobbe Bay, by means of the electrometer, 
gave no result, although the observations were made several times a 
day, and even at night, at the same time that I observed the magnetic 
instruments. Expecting to find the cause of these negative results 
either in the insensibility of the instrument or in the nature of the lo- 
cality, which, closed on three sides by mountains, was open only on the 
side toward the sea', I determined to modify my instrument, aud to look 
for a more open place for my observations. It was not until the 28ch 
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of September, vbile the Sophie was aDcbored at Sontbgatt, that I could 
carry this project iQto execation. 

Having made my electrometer more aensitive, I went, oq the day 
above mentioued, between 11 o'clock and noon, to an island situated at 
the mouth of the Southgatt, and established my instrument on the high- 
est point of the island, 600 feet above the level of the eea. Notwith- 
standing these precautions I still obtained no certain result. This was 
possibly on account of the violence of the wind, which produced oscilla- 
tions in the electrometer, but other observations made on the 7tb of 
October at King's Bay were equally unsnccessful. 

Although these experiments were too few in number, and too incom- 
plete to draw from them any positive conclusion whatever, I am con- 
vinced that this absence of electric manifestation was dae to thepecnliar 
constitution of the air in these regions. A glance over the hygrometric 
observations shows that the air was almost constantly saturated with 
moisture, and this moisture did not exist merely in the form of insensihle 
vapor,but also asfog. This circumstance rendered italmost impossible to 
isolate the instrument, and consequently to obtain the ^fleets of the 
electricity of tension. We may at least conclude that there is no elec- 
tricity of tension in northern aerial regions which approximate to a plain, 
but that the electricity rises through damp air into the higher regions 
of the atmosphere. I am inclined to believe that observations of the 
electricity of the air made on level ground will always give negative 
results. Elevated ground should be chosen, and an instrument nhich 
may be sent np into the higher strata of the atmosphere, such as the 
bite used by Franklin. 

Setting aside these incomplete experiments, which can only be of use 
as guides for future efforts, I pass to the observations upon the auroi-a 
Iwrealia 

During the last days of September the Sophie was anchored at South- 
gate, a strait lying between the island called Danes Island and the 
continent of Spitzbergen, at 70° 39' 7" of latitude and 11° 7' of longitude 
west of Greenwich. The gulf of which this strait is an outlet is sur- 
rounded on the north and south by mountains, those on the south about 
300 meters in height. At the mouth of this gnlf lies the island above 
mentioned ; to the east the view is limited by other mountains varying 
in height. The Sophie was anchored close to the shore of Dtinskow, a 
little to the northwest of the island, at the mouth of the strait. On 
returning from the island, where the instruments for the magnetic obser- 
vations had been deposited, I perceived upon the ridge of the monntaiu, 
to the south, a brilliant polar light rising from l(P to 15° above 
the mountain in undulating rays, distinctly defined, at their base ap- 
pearing as a diffuse yellowish light, but higher up as verticol orange 
beams, while at the top they formed a series of sharp points. The rays 
had an undulating motion, and the crest of the mountain was covered 
with a light fog, which the. wind was moving from east-northeast to 
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vest- southwest. In a few momeats the clond of mist passed the mouut. 
ain and the rays disappeared, but the creat of the mouDtain contioiied 
to be illuiniDated by a pale waDdering light, which floated along the 
raoaDtain, and of which it was not easy to detertnioe the character ; still 
I was in DO donbt, for the Bpectral analj'sis very clearly displayed the 
yellow ray discovered in polar light by M. Angstrom. I continued to 
observe the crest of the mountain, over which foggy vapors were pass- 
ing, aJIowing to appear from time to time the pale litjht I have described. 

At 11 o'clock 30 Qtinutes the upper part of the fog, which presentetl 
very much the appearance of a cloud with serrated edges, became illu- 
minated with a yellowish white light, in the course of a moment con- 
verted into yellowish and reddish rays, which extended with an audula- 
tory motion along the edges of the fog, following the irregularities in 
their minutest detail. The fog rose in the form of an arch about 10° 
abovii the' mountain, and the rays attained a height of from tO'^ to 15°, 
which gives for the whole phenomenon an elevation of from 20° to 25° 
above the hoi-izon. At the same time there began to appear at the 
north an indistinct combination of the brilliant edges of clouds, among 
'wbicb I clearly distinguished one, from which proceeded a distinctlj- 
marked yellow ray, seeming in appearance to connect this cloud with 
another. The rest of the sky was covered with fillets or bands of light 
clouds, passing over the zenith from the east to the west and allowing 
the stars to appear at intervals. 

The day following, the 26th of September, having observed the crest 
of the mountain with attention, I found it was almost entirely covered 
with BDOW, except at one or two places, which seemed to be those at 
which the night before the light had appeared with least intensity. 
The evening of the same day the phenomeuon was again manifested, 
bat with some modifications. A little below the horizon to the south- 
west, almost opposite the promontory or headland which terminates the 
mountain, appeared a serieaof clouds whose upper edges were strongly illu- 
miuatfid with a diffuse yellow and white light, which was very intense 
on the edge of the cloud at the extreme western end of the series, but di- 
minished in brilliancy along the edges of the clouds until at the eastern 
end, where the last cloud seemed to melt into the headland, it wiis 
hardly perceptible. Very soon rays appeared, similar to those observed 
the night before, which seemed to proceed from a mist lying along the 
crest of the mountain, but somewhat back of it. This time the phe- 
nomenon seemed to take place at a much greater distance than during 
the preceding observations, but the form and color of the rays were the 
same ; and J again, with the spectroscope, obtained the yellow ray as 
well from the light emanating from the edge of the clouds as from that 
proceeding from the rays themselves. 

On the 27th of September, after having observed in the mornirg a 
radiation of yellowish white light proceeding from one edge of a cloud 
which stood out prominently from a wall of clouds, I perceived in the 
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e Ten in g, at 11 o'clock 30 iniDutes, a pale, ivaiidcriDg light moving dis- 
tinctly along the ridge of the mountain. The light appeared for a few 
moments in the form of rays of a clear and brillinDt yellow, followiug 
every detail of the sinuosities of the mountain. The pale glimmer of 
light seemed to follow the ridge of the mountain, and I was convinced, 
from the movement of the mists, that the lotninous phenomenon was 
formed upon the ridge itself. 

On the 30th of September, at 9h. 30 m,, I wituessed on the Islmid of 
Amsterdam .a very intense luminous phenomenon, during which every 
peak and ridge, the most elevated, was illnminated with a pale tight, par- 
ticularly when covered with a vail of mist. We conid clearly distinguish 
the contour of the mountains, and above them an efiEect of light, which 
frequently rose to a great height, and euded by_ gradually diminishing in 
intensity until lost in the upper strata of the mist. This light appeared 
during the whole of the harvest season, while we were stationed at 
Spitzbergen. Upon some peaks, overlooking a glacier which descends to 
the very bottom of Smeerenburg Bay, the light was still stronger. We 
even perceived upon one jjoint reddish rays resembling flames, in which 
the spectroscope evidently indicated the presence of the yellow ray. 
On the days when this phenomenon was observed the wind was very 
strong, with a variable direction difficult to determine. We were, how- 
ever, sure that there were two contending currentsoF air — the one from 
the north or east, the other from the south or west. 

While the Sophie remained at Kingsbay, during the first fifteen 
days of October, every night fog-like mist covered the summits and ridges 
of the mountains, and their brilliancy seemed to increase as the season 
advanced. Besides this general phenomenon, we observed on the Oth 
of October, at 5h. in the morning, abrilliant polar light in the south, about 
1,000 feet above the chain of mountains, which gradually faded away 
toward the north. A similar light appeared on the 11th of October and 
on the 12tb, beneath a cloud upon the mountains, ready to be dissolved 
into snow, appeared a pale-yellow light with points at its edge. This 
luminous phenomenon had an undnlatory movement, in addition to the 
forwaid motion given to it by the course of the clouds toward the west-. 
Soon the light disappeared, and was replaced by a light fall of fine snow. 
On the 14th and 15th of October, in the evening, a cloud appeared, (on 
the 14th in the west-sou tb west, and on the 15lh in the southeast, from 
the upper edge of which, when at a sufficient height above the horizon, 
emanated an intense yellow light, soon transformed into rays of genuine 
polar light, yellow at their base aud red at the top. These rays, which 
moved with the cloud, rose with it nearly to the zenith, where they 
tended to form a crown. 

On the entrance of the Sophie into the Norwegian archipelago, on the 
evening of the ISth of October, we saw some patches of polar light scat- 
tered here and there over the sky, in the north and east, which after- 
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ring gradually elongated, and suddenly meeting around tbe zenith, 
formed for a, few moments a boieal crown of perfect regularity and the 
most brilliant colors. 

On our arrival at Troroso, I examined with the spectroscope a beauti- 
ful polar light, which appeiired on the 21st of October, commencing at 
the north. The first rays clearly displayed the yellow ray in question. 
Tbe phenomenon becoming more brilliant, a variegated band was formed 
toward thesouth, of yellow, red, and green, which gave, let, the yellow ray; 
2d, in the bine part, a very distinct and very clear ray ; 3d, two lines of 
the breadth of a bair, showing very decided horizontal stri])ea by the 
side of the yellow. I oaght to say that the yellow ray in every case 
seemed to me peculiar in being variable in intensity ; sometimes more, 
sometimes less vivid. On the 27th of October, we were enabled to de- 
termine more accurately the position of the rays, and we found that the 
yellow line furnished by tbe yellow light of chloride of sodium was 
Cl.O ; in the auroral light, tbe yellow line was at 79.d ; the blue at 65.90. 
The first of the shaded lines at 125.0 ; and the second shaded line at 
about 105.0. 

IT, Admitting, in general,tbemostoftheopinion8 advanced in the work 
of M. Loomis, in regard to the auroni borealis,* which, in many resiwets, 
accord with tbe theory given by M. do la Eive, and supported by experi- 
ment, I have still, after the observations described, some doubts in re- 
gard to certain parts of this work, especially those which relate to the 
particular nature of tbe phenomenon. 

Tbe fact that polar light is an electric phenomenon, taking place in 
the atmosphere, is well established by tbe analogy which exists between 
its effects and those of electric currents. It produces, as they do, per- 
turbations of tbe magnetic needle and cnrrents in a good conductor. 
Tbe luminous phenomenon itself exactly resembles the light produced 
by electric discharges in a damp atmosphere, or between two electrodes 
placed in rarified air. Tbe results of spectral iinalysis, as well as those 
discovered by M. Angstrom, and the new rays I have described, gi\-6 
further proof of the electric origin of polar light ; for, in order to obtain 
a spectrum with a gas, the latter must be incandescent, and electricity 
is tbe only source of beat which can produce this incandescence in the 
aerial molecules and other particles which constitute the atmosphere. 

The question as to the height at which polar light is manifested has 
been the subject of much controversy. From observations made in 
America with great care and in several separate locabties, M. Loomis 
calculated the height of the beautiful aurora borealis of the 2d of Sep- 
tember to be at its lower limit 45 to 50 English miles, and at its npper 
limit from 400 to 500. Mr. Potter, in England, in 1833, gave, as height 
of the aurora, C3 miles, and Dalton, in 182G, estimated ic at 100. Dur- 
ing the French expedition, from 1838, 1839, observations made simultn- 
neously at two stations — Bossekop and Jupwig — gave (JO to 100 miles 
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as tlie height of the anrora, Polnr light, how^ever, has been often ob> 
served at much less height. Farquhurson, by means of observations 
made at two distinct places, a mite apart, found a height of 2,481 Eng- 
lish feet ; and Captain Parry saw, on one occasion, polar light produced 
between the place where he wtis stationed and a mountain only abont 
3,000 yards distant. The French observations made at Bosselcop equally 
proved the existence of polar lightbetween the place of observatiou and 
a neighboring mountain.* 

Although M. Loomis and M. Bravaia himself believe that observa- 
tions which give so low a height to polar light are erroneous, and the 
result of an illusion, I cannot agree with them, and I can ofter in sup- 
port of my opinion the phenomenou I observed on the 18th of October, 
1808, at the entrance of the Norwegian archipelago, when the whole 
horizon was covered with rays, which were soon united around the 
magnetic pole, forming a regular crown. All the phenomena I have 
observed and descrihod in regard to the illuminated edges of clouds, 
show very plainly that in these vases the polar light was produced in 
the region of clouds, and even lower. Moreover, we know by numerous 
observations that the number of storms accompanied by lightning and 
thunder diminishes considerably in proportion as we approach the polar 
regions, so that at 70° they no longer occur. Must we then conclude 
that in these regions the clonds are completely deprived of electricity t 
Certainly not, but only that the electrical discharges are made in some 
other way. I have on several occasions observed discbarges, accom- 
panied with electric light, proceeding from scattered clouds or banks of 
clouds such as produced true polar rays, and still more frequently I have 
seen the edges of clonds illuminated with a yellow light. But, however, 
in these high latitudes electricity is discharged not only by clouds, but 
also directly by damp air, as takes place in winter in the temperate 
zones. A great many direct observations prove the existence of slow- 
discharges of this nature, and very remarkable confirmation is given of 
it by M. Angstrom, who on one occasion proved the presence of the 
yellow ray of polar light over almost the entire sky. 

If it is well established that the phenomenon of polar ligbt has its 
source in the electricity of the air, it follows that its appearance depends 
less upon terrestrial magnetism than has beeh hitherto supposed. This 
may exercise a direct action upon the discharge already produced, hut> 
cannot contribute to its production, which must depend upon certain 
conditions of the different strata of air. Although terrestrial magnetism 
has an iultuence npoii the position of the luminous bow of polar light, 

*M. A. W. Malin, iaCendant of tbe Uuseum of Gottenburg, relates, in a deeuription of a 
journey made in 184^ in tbe Laplatids of Sweden and Norway, tbat, during nn eicarsioa 
from Maunu to Lyugen on tba oigbt of the lOtb of Marcb, be observed, at nheifflit of 3,00ft 
feet, with tbe temperature at ^JO ilegrees below zero, a polar light between himgelf anJ Ibe 
ueigliboriDg mountains, and heard a crackling sound which accompanied it. 
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it isdifficaltto believe, with Hansteea andBravais, tliattbe position of 
tliis bow is (letermiDed solely by tbe magDetic pote. 

Xhe apex of tlie polar bow is rarely in the exact directiou of the needle 
of decllDation. Of two hundred and twenty -six observations of tbe posi- 
tion of the azimuth of the iuminbus polar bow, 36 out of lOU placed it 30° 
more to the west, 32, lOo to 20°, 7,(P to 10^, and i, 0° to 26° t« tUe east ; 
from wbich it is evident that tlie position of the bow varies over a space 
of from 25 to 30° and more". Those variations are vejy great to be 
explained by accidental perturbations in terrestrial magnetism, piirticn- 
larly as the greatest deviation in magnetic declination — tttat is, from (i° 
to about 7° — observed occasionally io polar regions is due to polar light 
itself. 

We may then consider it certain that terrestrial magnetism relatively 
plays but a secondary part in the phenomenon of polar light; that tlis 
part essentially consists in a, directive action upon tbe rays of this 
light, and in a, rotary movement imparted to these rays — f<icts positively 
demonstrated by the experiments of M. de la Give. 

The formation of the auroral crown, which Uikes place when polar 
light is very intense and its rays are united around the magnetic zenith, 
is generally supposed to be an effect of perspective. When a certain 
nnmber of polar rays, parallel to the directiou of the needle of inclina-. 
tion, are projected to a considerable height, they ought to appear to 
unite around the magnetic zenith ; but tbe aspect they present should 
be rather that of a lengthened point or a funnel, according as the ob- 
server is placed on one side or in the middle of the phenomenon. In. 
polar regions it often happens that the polar rays start .from all parts 
of the horizon, which is the case when the observer is within the ring. 
If then the crown was a phenomenoa of perspective, the rays should 
appear to unite at a rather sharp angle. Kow, this is by no means the 
case, for they form a vault, resembling very much the cupola of a church. 
Although, my experience is not sufficient for me to make a positive 
assertion, I am strongly inclined to believe that, under the influence of 
terrestrial magnetism, and perhaps also through tbe eflect of the con- 
ducting power of the medium, the rays of light undergo a flexion, the 
result of wbich is to unite them really, not merely in appearance, in the 
upper parts of the atmosphere. In proof I may cite the polar light I 
observed on the 18th of October, under the 17th degree of latitude. 
The rays starting from all parts of the horizon formed an immense 
ring, and united around the magnetic zenith, where tbe crown was 
formed in a perfectly regular manner, presenting the appearance of a 
flattened cupola. However, tbe experiments of M. de la Bive, wbich 
have demonstrated tbe influence of magnetism upon electric light, un- 
der circumstances almost identical with those presented by polar light., 
fuf iiisb no proof that the rays of this light are really united under this 
iuflnence. 
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. Polar ligbt, considered as an electric discharge, produces the follow^- 
iug results :• 

1. An electric current, produced by the dUtcbarge itself, which takes 
place slowly, 

2. Rays of light consisting of an infinite nnmher of sparks, each spark 
giving rise to two currents of induction, proceeding in opposite di- 
rections. 

3. An electric current, proceeding in an opposit* direction from that 
of the charge, and originating in the electro-motive force, discovered by 
M. Ediund in the electric spark. 

In order to develop these currents, a closed circuit is necessary. It 
is true that in tlie phenomenon of polar light this does not properly 
exist, but in'that case the earth on one hand, and the rart-fled air of the 
upper regions of the atmosphere on the other, are immense reservoirs 
of electricity, which produce the same effect as if the circuit was closed* 
i According to the theory of M, de la Itive, the positive electricity of the 
air, discharging itself into the ground, produces a current I will call 
principitl; thiscurreutis re-enforced by one of the currents orindnction, 
which M. Ediund has staowo accompany the production of the electric 
spark; that is to say, the one which, going in the opposite direction from 
the charge, can alone acquire a certain degree of intensity. But this 
principal current thus re-eniorced is counterbalanced in part by the one 
which has the contrary direction, and which produces the electromotive 
force of the spark. We see by the observations made with telegraph 
wires during the appearance of polar light that it is sometimes the one, 
sometimes the other of these two currents which gains possession of the 
wire, the first being generally predominant, since it has been observed 
that the current given by telegraphic wires is more frequently directed 
from the north to the south than from the south to the north. 

Under the circumstances which accompany the protluetion of polar 
light, the latter contains iu itself all the conditions necessary in order 
that magnetism may act upon it ; for a ray of this light constitutes a 
current, flexible throughout, and consequently obedient to the law dis- 
covered by Plucker, according to which suchacurrent necessarily takes 
the form of a magnetic curve. It is here we should look for the cause 
of the formation of the crown, taking at the same time into considera- 
tion the variations in conductibility of the rarefied air of the upper 
regions of the atmosphere. 

When an arch of polar light appears, we consider that it forma part 
of a radiant ring, whose center coincides very nearly with the mag- 
netic pole. The rays of this ring are parallel to the direction of the 

* The author precedes tbis part of bis work with the desuriptioo of an p^perimenl, in which 
he tried, hat unsuccessfally, the action of om^net upon a series of disthnrgos produced 
by Helta's machine under certain conditioDS. We omit this description, as il would be on- 
iuteltifrible without a figare to illustrate it, and it is not of t^^reat importance, since the results 
of the eiperimeut were negatire. 
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needle of inclination, and oajtlit consequently to diverge from all 
sides; a circumstauee unfavorable to their anion in perspective at tbe 
magnetic zenith. - But it is not proved that the radiation has always for 
center the magnetic pole ; it may very well have another central point, 
as was tbe case daring the observation I made ou tbe 18th of October. 
On that occasion, in fact, the ring could not have been completely visible 
jf it had had for center the magnetic pole. Besides, this variation of posi- 
tion is more in conformity with the manner in which the electric charges 
operate, and with the pecaliarities observed in the local appearances of 
polar light.* 

Betarning to the lights observed around the elevated peaks of the 
Spitsbergen, I ought to say that this phenomenon has been noticed bu< 
fore. The learned philologist of Finland, Cashen, witnessed it in his 
journeys to Siberia, and his description of it exactly accords with what 
1 have myself observed. Similar light has been seen iu South America 
above the peaks of the Cordilleras, and in several other localities men- 
tioned by M. Delleman. The Archives des Scieneeg physiques et natu- 
relies (tomexzxi, p. 15) contain an article by M. H. de Saussure, in 
which are described a great number of phenomena, belonging, without 
doabt, to the same category. But it is in the arctic regions, above all 
others, that we find circumstances most favorable to observations of 
this kind, aod it is much to be desired that future expeditions will un- 
dertake tbem. 

If we seek for the reason why the clouds of the upper latitudes dis- 
charge themselves under the form of polar light, and not that of thun- 
der and lightning, we find it in the permanent humidity of the air. The 
bygrometric observations, made during the expedition of the Sophie, 
show that the air is constantly saturated with aqueous vapors, which 
eondeuse frequently into clouds, more rarely into rain. It is clear that 
this stratum of humidity, a good conductor of electricity, determines 
a slow discharge. If between the poles of an electrical machine, not 
BuiBcieBtly near together to produce a discharge, we project, by means 
of an atomizer, some water in spray, we see the discharge under the 
form of brilliant rays. It is the same iu a glass cylinder in which tbe 
air has been rarifled by several strokes of a piston, a rarefaction suf- 
ficient to produce a mistv The discharge, which at first appears as a 

■The author remarkB here that the appearanca of polar light is alwajB accompanied by a 
dork Bei^meDt, throDfch which the stars are visible. He mentiouH in thia cunnection the ex- 
periment of M, do la E\ve, who. iu traiiatnitting the disiharge of (in iniluulioncall tiirough 
v«ry rarefied »r, proved the existence of a verj remarkable dark band near tbe cpf^alive 
electrod". The author cites an experiment made by himself in the presence of H, Edhind, 
during which he obtained by means of an electrophorus, in a tube of very rarefied air, a 
bluish light, follotved by a dark band strongly marked around the ne^raLive electrode, and a 
kind of crown of rays around tbe poaitive electrode. In tbe phenomeuon of polar lighl, (he 
earth conslitulea the negative electrode, tiia rarefied air of the higher regions of the Blmo- 
epbi.'ra the positive electrode, and the dark segment bears a stroog resemblauco to the dark 
band of the preceding experiraeut. 
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spark, is gradually traDsfotrmed into a lamiiious corrent, exbibitintf tbe 
ordinary colora obaerved ia polar light. 

The more the relative degree of the bamidity of the air increases an 
angmentatioD, wbioh at the Bnrfaoe of the earth proceeds from the 
equator to the poles, the more easily the electric discharge acts under 
the form of polar light. But there may be a limit beyond which the 
humidity is so great that the discbarge takes pliice witbont the accom- 
paniment of light. Sncb would seem to be indicated by the table prepared 
by M. Loomis, of the geographical esteusiou of polar light ; according to 
which there must be a zone, comprised between the 68th and T6th de- 
gree of latitude in Europe, and between the 50th and 64th in America, 
in which the greatest number of phenomena of polar light are prodnced. 
This very interesting peculiarity has been proved by observations made 
during our expedition ; at Spitzbergen the polar light always appeared 
to the south, while at a tower latitude, the 69th degree, it appeared at 
the zenith or to the north. 

I now return to the question of spectral analysis ; and for the moment 
notice only the mobility, so marked, of the light of the yellow ray, 
which seems to indicate a discontinaous luminous source which is evi- 
dently formed by an infinite number of sparks, succeeding each other 
in rapid succession. 

As to the crackling or rattling noise which accompanies the appear- 
ance of polar light, I cannot say anything positively, since, on the oc- 
casions when I made my observations, the combined noise of the sea 
and the wind was of such a nature as to drown the faint crepitation of 
an electric discharge. It is very probable that such a noise can be heard 
under certaincircumstances, for instance when the discharge takes place 
at a minimum height, and also when it is ma<le between small particles 
of ice, which produce longer, and consequently stronger, sparks than 
those formed between particles of water. As these circumstances which 
are necessary for the production of this sound rarely occur, we can nn- 
derstand why observers do not agree in regard to the fact of it« exist- 
ence. 

Some remarks upon Gie memoir of M. Lemstrom, by Professor De la Bive. 

I find iii the observations made by M. Lemstriim, in the polar regions, 
such a complete confirmation of the views I have expressed on several 
occasions in regard to the cause and explanation of polar auroras, that 
I cannot refrain from noticing very briefly some of the points upon which 
observation and theory completely agree. I have generally found myself 
in accord with observers, whether such as Parry, Franklin and Ross, or 
Bravais and Martins ; it is ratber between the theorists and myself that 
there baB been occasionally some difference. I ought to thank M. Lem- 
strom for the pains he has taken, on every occasion, to mention my ex- 
periments, and the consequences I have deduced .from tbem, the accu- 
racy of which he baa confirmed. 
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M. Lemstrom proves by a great nnmljer of facts, supported by jdcod- 
testable reasoning, that polar ligbt is dne to atmospheric electricity, of 
which be has proved the presence in the polar regions, often in the 
region of clouds, and sometimes even nearer the earth. He shows, as 
I have done, that this light is the consequence of electric discharges, 
which iu these regions, coustantly pervaded with humidity, operate ia a 
slow, coDtiiinous manner, instead of instantaneonsly by shocks prodncing 
lightning, as takes place in equatorial regions and middle latitudes. 

He shows, with truth, that terrestrial magnetism, to which an exag- 
gerated importance has been attributed, in the production of polar light, 
has only a very secondary part in this phenomenon. This part consists 
simply in giving to the luminous electric jets a certain direction they cati 
follow because of their flexibility, which depends upon whether the 
medium through which they pass is gaseous. In support of bis views ia 
this respect, be refers to my experiments, by which I have demonstrated 
this influence, and the law by which, according to Plucker, it is governed. 

One very essential point upon which M. Lemstrom insists, and which 
has been noticed by several observers, particularly by Bravais, is that 
the crown formed in some cases by the rajs of polar light is very far 
from having always for center the magnetic zenith ; that is to say, the 
vertical line passing through the magnetic. pole of the earth. In fact, 
although the formation of tbis crown depends npon the directing influ- 
ence of the magnetism upon the electric currents which form the lumin- 
ous jets, and is not, as M. Lemstrom very well proves, a simple effect 
of perspective, it must also depend upon the direction of the passage 
of the electric discharges through the. atmosphere, a direction which 
itself changes with the condactibility more or less variable of the differ- 
ent atmospheric strata, so that the united effect of these two influences 
ought to give to the rays a curvature and a position which cannot always 
be the same. 

In short, the electric discharges which take place in the polar regions 
between the positive electricity of the atmosphere and the negative 
electricity of the terrestrial globe are the essential and only causes of 
the formation of polar light — light, whose existence is independent of 
that of terrestrial magnetism, which only imparts to it a certain direc- 
tion, and in some eases a movement. These views I have always main- 
tained in opposition to those who think they find in terrestrial magnet- 
ism, or rather, in the currents of induction which it can develop, the 
origin of polar light. 

I will uot dwell npon various interesting circumstances, such as the 
presence of a dark segment at the base of the luminous arcs of the 
aurora boreabs, in which M. Lemstrom sees, as I do, an analogous efl^ct 
to the dark baud produced at the negative electrode, in electric dis- 
cbarges through rarifled air ; or such as the influeuce of particles of ice 
suspended in the atmosphere, which I have also noticed. I will conflne 
myself to one point which, I confess, had completely escaped me, and 
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vhicfa is of great importance. Although, in my theory, the terrestrial 
currents which result from the electric discharges, the caaseof polar 
light, ought to he directed from the north to the south, some are ob- 
Berved, either in the telegrapb-wires or in their actiou upon the needle 
of the compass, which have a contrary direction, that is from the south 
to the north. The former, it is true, are much the more numerous and 
the more iDteose ; but still the latter are apparent from time to time. 
M. Lemstrom attributes them to tbe currents of induction, aud the elec- 
tro-motive force which accompanies always the production of an electric 
spark, as M. Edlund discovered, He considers in fact, and with i-easoD, 
the electric discbarges which coosMtnte polar light, as a series of an in- 
finite number of sparks, and in this fact found a satisfactory explanation 
of the existence of currents in an opposite direction from that of tbe 
principal current, which is from north to. south. 

The perusal of M. Lemstrom's article, while coufirming me in the theo- 
retical views I have advanced iu regard to polar auroras, has shown me 
that there still remain many points to be explained of this interesting 
subject, especially in what concerns the propagation of electricity in 
air more or less damp, and reduced to a very low temperature and the 
Influence of a very strong magnetism upon the electric discharges taking 
place under these conditions. X inteud to pursue the subject with dili- 
gence. 
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ON A DOMINANT LANGUAGE FOR SCIENCE. 



Bv Alpuohse de Candoli.e, 
Of Geneva, Steiiierland' 



At tbe period of the Benaissaace, Latio was the laoguiige employed 
by all the learned men of Eiirot>e. It had been carefully preserved by 
tbe Boiuieh Church ; and not one of the modem languages presented, at 
that time, a sufficiently rieb literature to become its rival. But at a later 
period the Reformation disturbed the unity of tbe Romish iiiUnence. 
Italiau, Spauisb, Freueb, and Euglish gained successively regular idi- 
oms, and became rich in literary productions of every kind ; and at last, 
eighty or one hundred years ago at most, tbe progress of science caused 
the iuconveuieuce of tbe use of Latin to be felt. It was a dead language, 
and, in addition to that, was wanting in clearness, owing to its inver- 
sions, to its abbreviated words, and to the abseuee of articles. There 
existed at that time a general desire to describe the numerous discover- 
ies that were being made, and to explain and discuss them without tbe 
necessity of seeking for words, the almost universal pressure of these 
causes was the reason for tbe adoption of modern languages in most 
sciences, natural history being the only exception. For this, Latin is 
still employed, but only in descriptions — a special and technical part, 
where tbe number of words is limited and the construction very regular. 
Speaking truly, what naturalists have preserved is tbe Latin of Liunxus, 
a language in which every word is precise in meaning, every sentence 
arranged logically, clearly, and in a way employed by no Roman author. 
Linnaeus was not a linguist. He knew but little ereu of modern lan- 
guages, and it is evident that be struggled against many difficulties 
when he wrote in Latin, With a very limited vocabulary and a turn of 
mind which revolted equally from the periods of Oicero and tbe reticence 
of Tacitus, he knew how to create a language precise in Its terms, ap- 
propriate to the description of forms, and intelligible to students. He 
never made use of a term without first defining it. To renounce this 
special language of the learned Swede would be to render descriptions 
less clear and less accessible to the savants of all uations. If we attempt 
to translate iuto tbe Latin of Linuieus certain sentences in modem 
floras, written in Euglish or German, we quickly perceive a want of 
clearness. In English, the word smooth applies equally to glaher and 
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leevis* In German, tlie construction of sentences iodicatin}; generic or 
otber characters is sometimes so obscure that I bare found it impossi- 
ble, injiertain cases, to have them put into Latin by a German, a good 
botanist, who was better acqaaioted tlian myself with both languages. 
It would be still worse if antbors had not introduced many words purely 
Latin into their language. Bat, exclusive of paragraphs relative to 
cbaracters, and wherever successive phenomena or theories are in ques- 
tion, the superiority of modoru languages is uoquestiouable. It is on 
this account that, even in nature history, Latin is every day less em- 
ployed. 

The loss, however, of the link tbrmerly established between scientific 
men of all countries has made itself felt. From this bas arisen a very 
chimerical proposal to form some artificial language which should be 
to all nations what writing is to the Chinese. It was to be based on 
ideas — not words. Tbe problem has remained quite devoid of solution ; 
and even were it possible, it would be so complicated an affair — so im- 
practicable and inflexible — that it would quickly drop into disuse. 

The wants and the circnmstances of each epoch have brought about 
a preference for one or other of the principal European languages as a 
means of communication between enlightened men of all countries. 
French rendered this service dnring two centuries. At present various 
causes have modified the use of this language in other countries, and 
the habit has been almost everywhere introduced that each nation 
should employ its own tongue. We have, therefore, entered upon a 
period of confusion. What is thought to be new in one county is not 
so to those who read books in other languages. It is vain to study liv- 
ing languages more and more; you are always behindhand in tbe com- 
plete knowledge of what is being published in other countries. Few 
persons are acqnainted with more than two languages ; and if we try 
to pass beyond a certain limit in this respect, we rob ourselves of time 
for other things ; for there is a poiut at which the study of the means 
of knowledge hinders our learuitig. Polyglot discussions and couver' 
sations do not answer the intentions of those who attempt them. I am 
persuaded that the inconvenience of such a state of things will be more 
and more felt. I also believe, judging by the example of Greek as used 
by the Bomans and French in modern times, that tbe need of a pre* 
vailing language is almost always recognized ; it is returned to from 
necessity after each period of anarchy. To understand this we must 
consider tbe causes which make a langnage preferable, and those which 
spread its employment in spite of any defects it may possess. 

Thus, iu the seventeenth and eighteenth centuries, motives existed for 
the employment of French in preference to Latin throughout Europe. 
It was a language spoken by the greater part of the educated men of 

* The woid giaber, in botany, means bald oi not buirj', wbicb is applied to otbet parts 
as well ai the head ; and tavii, smooth, not roof^b ; but I know the; have both been care- 
iMtly translated " smooth," aaM.de Caudolle implies.— >f. £. Q. . r 
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tbe period — a language tolerably simple aod very clear. It had an ad- 
vantage in its resemblance to Latin, wbicb was then widely known. 
An Englishman, a German, was already half acquainted with French 
through his knowledge of Latin ; a Spaniard, an Italian, was three parts 
advanced in his study of the language. If a discussion were sustained 
ill French, if books were written or tJ^nslations made in this language, 
all the world understood. 

In the present century, civilizationhaa much extended north of France, 
and popultLtion has Increased there more than to the south. Tbe use of 
the English tongue has been doubled by its extension into America. Tbe 
sciences are more and more cultivated iu Germany, in England, in the 
Scandinavian countries, and Russia. The scientific center of gravity 
has advanced ftom the sooth toward the north. 

Under the inflnence of these new conditions, a language can only be- 
come predominant by presenting two characters: first, it must possess 
sufficient German and Latin words or forms to be within reach at once 
of the Germans and of the people who make use of Latin tongues ; 
secondly, it must be spoken by a considerable majority of civilized people. 
Iu addition to these two essential conditions, it would be well for the 
definitive success of a language that it should also possess the qualities 
of grammatical simplicity, of conciseness, and clearness. 

English is the only language which may, iu fiity or a hundred years 
offer all these conditions united. 

The language is half German and half Latin. - It possesses German, 
words, German forms, and also French wordsj and a French method of 
constructing sentences. It is a transition between the principal lan- 
guages used at present in science, as French was formerly between 
Latin and several of tbe modem languages. 

The future extension of the Anglo-American tongue is evident. It 
will be rendered inevitable by the movement of the populations in the 
two hemispheres. Here is the proof, which it is easy to give in a few 
words and a few figures. 

At the present time the population stands thus, (Almanach deGotha, 
1871:") 

Englisb-speakingpeoplesin England, 31,000,000; in the United States, 
40,000,000; in Canada, &o., 4,000,000; in Australia and New Zealand, 
2,000,000 ; total, 77,000,000. 

German -speaking peoples in Germany and a portion of Austria, 
60,000,000; inSwitzerlaud, (German cantons,)3,000,000; total, 62,000,000. 

French-speakiug peoples in France, 36,500,000 ; in Belgium, (French 
portion,) 2,500,000; in Switzerland, (French cantons,) 500,000; in Alge- 
ria and the colonies, 1,000,000; total 40,500,000. 

Now, jndging by the increase that has taken place in the present cen- 
tury, we may estimate the probable growth of population as follows : t 

'No Dotice ia here taken of the EDglish-speaking people in India aud the East. — J. E.G. 
'tAlmaoacb de Ootha, 1670, p. 1039. , 
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In EDglanil it doubles ia fifty yejirs ; therefore, in a ceotury (in 1970) 
it will be 124,000,000. In the CTnited States, in Cauada, in Australia, it 
doubles in twenty -five ; therefore it will be 736,000,000. Probable total 
of the Englisli-speaking race in 1970, 860,000,000. 

lu Germany tlie northern population doubles iu fifty-six to sixty years; 
that of the soiitli in ond hundred and sixty-seveo years. Let as sup- 
pose one hundred years for the average. It will probably be, in 1970, 
for the countries of German speech, about 124,000,000. 

In the French speaking countries tbe popnlatioD donblee in about 
one hundred and forty years. In 1970, therefore, it wiU probably 
amount to 69,500,000. 

Thus the three principal languages spoken at tbe present time will be 
spoken a century hence with the following progression: 
The English tongue will have increased from 77 to 860 millions. 
The German tongue will have increased from 63 to 124 millions. 
Tlie French tongue will have increased from 40J to 69J millions. 
The individuals speaking Oermau will form a seventh part, and those 
speaking French a twelfth or thirteenth part of those of English tongae; 
anil both together will not form a quarter of the individuals speaking 
English. The German or French countries will then stand toward 
those of English speech as Holland or Sweden do at present with re- 
gard to themselves. I am far from having exaggerated the growth of 
the Anglo- Australian- American populations. Judging by tbe surface 
of the countries they occupy, they will loogcontinnetomultiply in large 
proportion. The English language is, besides, more diffused than any 
other throughout Africa and Southern Asia. America and Australia 
are not, I confess, countries in which the culture of letters and sciences 
ia so much advanced as in Europe ; and it is probable that, for a length 
of time, agricalture, commerce, and industry will absorb all tbe most 
active energies. I acknowledge this. But it is no less a fact that so 
considerable a mass of intelligent and educated men will weigh de- 
cisively on the world in general. These new peoples, English in origin, 
are mingled with a German element, which, in regard to intellectual in- 
clinations, counterbalances the Irish. They have generally a great 
eagerness for learning and for the application of discoveries. They read 
much. Works written in English or translated into that tongue would, 
in a vast population, have a very large sale. This would be an encour- 
agement for authors and translators that is offered by neither the French 
nor the German language. We know in Europe to what degree diffi- 
culties esist in the publication of books on serious snbjectsj but open 
an immense mart to publishers, and works on the most special subjects 
will have a sale. When translations are read by ten times as many 
people as at present, it is evident that a greater number of books will 
be translated; and this will contribute in no small degree toward the 
preponderance of the English language. Many French people already 
buy English translations of German books, just as Italians buy trausla- 
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tions in French. If Englisb or American piibtisligrs would adopt the 
idea of having tranalations made into their language of the best works 
that appear in Russian, Swedish, Danish, Dutch, &c., they would satisfy 
a public dispersed over the wliole world, and particularly the numerous 
Germans who understand English. Yet we are but at the beginning of 
the numerical preponderance of the English-speaking populations. 

The nature of a language does not, at first siglit, appear to have very 
great influence on its diffusion. French was preferred for two centu- 
ries ; and yet Italian was quite as clear, more elegant, more harmonious, 
Lad more affinity with Latin, and, for a length of time, had possessed a 
remarkable literature. The number, the activity of the French, and the 
geographical position of their country were the causes of their i)repon 
derance. Tet the qualities of a language, especially those preferred by 
the moderns, are not without their influence. Atthe presenttime brief- 
ness, clearness, grammatical simplicity are admired. Nations, at least 
those of our Indo-European race, began by speaking in an obscure, 
complicated manner; in advancing they have simplified and made their 
language more precise. Sanscrit and Basque, two very ancient lan- 
guages, are exceedingly complicated. Greek and Latin are so in less 
degree. The languages derived from Latin are clothed in clearer and 
simpler forms. I do not know how philosophers explain the pheDomenon 
of the complication of language at an ancient period; but it is un 
questionable. It is more easy to understand the subsequent simplifica 
tions. When a more easy and convenient method of acting or speaking 
has been arrived at, it is naturally preferred. Besides, civilization en- 
courages individual activity ; and this necessitates short words and short 
sentences. The pi-ogress of the sciences, the frequent contact of per- 
sons speaking different languages, and who find a difiBcnIty in under- 
standing each other, lead to a more and more imperious need for clear- 
ness. You must have received a classical education to avoid the per- 
ception of absurdity in the constraction of an ode of Horace. Translate 
it literally to an uneducated workman, keeping each word in its place, 
and it will have to him the effect of a building the entrance-door of 
which is on the third story. It is no longer a possible language, even 
in poetry. 

Modern languages have hot all, to the same degree, the advantages 
now demanded, of clearness, simplicity, and briefness. 

The French language has shorter words and less cbmplicated verbs 
than the Italian ; this in all probability has contributed to its success. 
The German has uot undergone the modern revolution by which each 
sentence or portion of a sentence begins with the principal word. Words 
are also cut in two, and the fragments dispersed. It has three genders, 
whereas French and Italian have bnt two. The conjugations of many 
verbs are rather complicated. Nevertheless; modern tendencies weigh 
with the Germans, and it is evident that their language is becoming a 
little modified. Scientific authors especially exert themselves to attempt 
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the direct modes of expression and the short phrases of other coantries 
in the same way that they have abandoned the Gothic printed letters. 
Should they correspond with strangers, they often have the politeness 
to write in Latin characters. They willingly introdace in their pablica- 
tions terms taken from foreign languages, modifications sometimes 
merely of form, occasioDall; fundamenral. These attest the modem 
spirit and the enlightened judgment of the learned men so numerous 
in Germany. Unhappily, the modifications of form have no great im- 
portance, and the fundamental changes take place very slowly. 

The more practical English language shortens sentences and words. 
It willingly takes possession of foreign words, as German does ; bat of 
eabriolet it makes cab; of memorandum it makes mem. It makes use 
only of indispensable and natural tenses — the present, the past, the 
future, and the conditional. There is no arbitrary distinction of gen- 
ders ; animated objects are masculine or feminine ; the others are neu- 
ter. The ordinary construction is so sure to begin with the principal 
idea, that in conversation yon may often dispense with the necessity of 
finishing yout sentences. The chief fault of the English language, its 
inferiority in comparison with German or Italian, consists in an orthog- 
raphy absolutely irregular, and so absurd that children take a whole 
year in learning to read.* The pronunciation is not well articnlated, 
not well defined. I shall not go as far as Madame Sand in her amusing 
imprecations on this point ; but there is truth in what she says. The 
vowels are not distinct euongh. Bot, in spite of these faults, English, 
according to the same clever writer, is a well-expressed language, quite 
as clear as any other, at least when English people choose to revise 
tl.eir MMS,, which they will not always do, they are in such a hurry ! 

English terms are adapted to modem wants. Do you wish to hail a 
vessel, to cry "stop" to a train, to explain a machine, to demonstrate 
an experiment in physics, to speak in few words to busy and practical 
people, it is the language par excellence. In comparison with Italian, 
with French, and, above ali, with German, English has the effect, to 
those who speak several languages, of ofiFeriug the shortest cut from 
one point to another. I have observed this in families where two lan- 
guages are equally well known, which often occurs in Switzerland. 
When the two languages are German and French, the latter almost 
always carries the day. "Why!" I asked of a Germaa-Swlss estab- 
lished in Geneva. " I can scarcely tell you," lie replied ; "at home we 
speak German to exercise my son in the languages, but he always falls 
back into the French of his comrades. French is shorter — more eoa- 
venient." Before the events of 1870, a great Alsatian manufacturer 
sent his son to study at Zarich. I was curious to know the reason why. 
" We cannot," he said, " induce our children to speak German, with 

' Surprised, on one occasion, by the Blownosa with which intelligent English children 
learned readiog, 1 inqnicoil the reason. Each letter hss aeversl BouudB, or ;od may say 
that each souad is written iu Beveral ways. It ia therefore aecesBatf to leani readiag word 
for word. It is an effeir of memory. _, 
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which they ate quite as familiar as with French. I have seut my son 
to a town where nothing but German is spoken, in order that he may 
be forced to speak it." In such preferences yon must not look for the 
causes in sentiment or fancy. When a man has choice of two roads — 
one straight audopen, the other crooked aud diihcult to find — he is sure 
to take, almost without reflection, the shorter and more convenient oue. 
I have also observed families where the two languages known iu the 
same degree were English and Freuch. In this case the English main- 
tained supremacy, even in a French-speaking laud. It is handed down 
from one generation to another. It is employed by those who are in 
haste, or who want to say something in as few words as possible. The 
tenacity of French or English families established in Germany in speak- 
ing their owu luognage, and the rapid disappearance of German in the 
German- families established in Freuch or English countries, may be ex- 
plained by the nature of ^e languages rather than by the influence of 
fashion or education. 

The general rule is this : In the conflict of two languages, everything 
else being equal, it is the most concise and the most simple tJiat con- 
quers. French beats Italian and German. English beats the othei 
languages. In short, it need only be said that the more simple a lan- 
guage is, the more easy it is to be learned, and the more quickly can it be 
made available for profitable employment. 

The English language has another advantage in family use — its litera- 
ture is the one most suitable to feminine tastes ; and every one knows how 
great is the influence of mothers on the language of children. Ifot only 
do they teach what is called " the mother tongue," but often, when well 
educated, they feel pleasure in speaking a foreign language to their 
children. They do so gaylj, gracefully. The young lad who finds his 
language-master heavy, his grammar tiresome, thinks very diSerently 
when his mother, his sister, or bis sister's triend addresses herself to 
him in some foreign tongue. This will often be English, and for the best 
of reasons : there is uo langaage. so rich iu works (written in a spirit of 
true morality) upon subjects which are interesting to women — religion, 
education, fiction, biography, poetry, &c. 

The future prepouderance of the language spoken by English, Aus- 
tralians, and Americans thus appears to me assured. The force of cir- 
cumstances leads to this result; and the nature of the language itself 
must accelerate the movement. 

The nations who speak the English tongue are thus burdened with a 
responsibility which it is well they should recognize at once. It is a 
moral responsibility toward the civilized world of the coming centuries* 
Their duty, as it is also their interest, is to maintain the present unity 
of the language, at the same time admitting the necessary or conve- 
nient modifications which may arise under the iutlnenee of eminent 
writers, or be arranged by common consent. The danger to be feared 
is that the English language may, before another ceDtnry.has passed, 
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be broken up into tbree laugoages, wbicb would be in the same lela- 
tiou to each otlier as are Italian, Spanish, and Portuguese, or as Swed- 
ish and Dauisli. 

Some English authors have a mania for making new words. Dickens 
has invented several. Yet the English language already possesses many 
more words than the French, and the history of its literature shows 
that there is greater need to suppress than to add to the vocabulary. No 
writer for three centuries past has employed nearly so many different 
words as Shakespeare ; therefore there must have beeu many uuneces- 
sary ones. Probably every idea and every object had formerly a term 
of Sason origin, and one of Latin or French origin, without couutiug 
Celtic or Danish words. The very logical operation of time has been to 
snppress the double or triple words. Why re-establish them t A people 
so economical in its use of words does not require more than one term 
for each thing.* 

The Americans, on the other hand, make innovations of accent or 
orthography, (they almost always spell labour "labor," and harbour 
" harbor.") The Anstraliaus will do the same if they do not take care. 
Why should not all possess the noble ambition of giving to the world 
one uniform concise language, supported by an immense literature, aud 
spoken iu the nest century by eight hundred or one thousand millions 
of civilized men ? To other languages it would be as a vast mirror, in 
which eacbwould become reflected, than kstonewspapers and translations, 
and all the friends of intellectual culture would have a convenient 
medium for the interchange of ideas. It would be rendering an immense 
service to future races, aud at the same time the authors and men of 
science of English-speaking race would give a strong impulsion to their 
owu ideas. The Americans, above all, are interested in this stability, 
since their country is to be the most important of those of English 
tongue. How can they acquire a greater influence over Old England 
than by speaking her language with exactness ! 

The liberty of action permitted among people of English race adds 
to the danger of a division in the language. Happily, however, certain 
canses which broke up the Latin language do not exist for English na- 
tions. The Bomaus conquered nations the idioms of which were main- 
tained or re-appeared here and there in spite of administrative unity. 
The Americans and Australians, on the contrary, have before them only 
savages, who disappear without leaviug any trace. The Bomaus were 
conquered and dismembered in their turn by the barbarians. Of their 
ancient civilization no evidence of unity remained, uuless it was in the 
phurch, whicii has itself felt the iuflueace of the universal decline. The 
Americans and Australians possess many flourishing schools j they 
have the literature of England as well as their own. If they choosey 

* A dever Englisb wri 
called Sicisi m English. 
Dcutacher$ » 
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tbeycan wield tbeir iufluence by means of maintaining the unity of tlie 
language. Certain circumstances make it iiossible for them to do so; 
thus the teachers and professors mostly come from the States of New 
England. If these intlneutial men truly comprehend the destiny of 
their country, thoy will aso every efifott to transmit the language in its 
purity; they will follow classic authors, and discard local innovations 
and expressions. In this question of language, real patriotism (or, if 
you will, the patriotism of Americans really ambitious for their country ) 
ought to be, t« speak the English of Old England, to imitate the pro- 
nunciation of the Euglish, and to follow their whimsical orthography 
until changed by themselves. Should they obtain this of their country- 
men, they would render to all nations and to their own an unquestiona- 
ble benefit tor futurity. 

The example of England proves the influence of education upon the 
unity of a language. It is the habitual contact of educated people and 
the perusal of the same books which, little by little, is causing the dis- 
appearance of Scotch words and accent. A tew years more, and the 
language will be uniform throughout Great Britain. The principal 
newspapers, edited by able men, also exercise a happy influence in pre- 
serving unity. Whole columns of the "Times" are written in the lan- 
guage of Macaulay and Bnlwer, and are read by millions of people. 
The result is an impression which maintains the public mind in a proper 
literary attitude. 

In America the newspaper articles are not so well written ; but the 
schools are accessible to all classes, and the nniversitles count among 
then- professors men especially accomplished in their use of the English 
tongue. If ever there should arise a doubt in the opinions of the two 
countries as to the advisability of modifying the orthography, or even 
making changes in the language, it would be an excellent plan to orgau- 
ize a meeting of delegates trom the principal universities of the Three 
Kingdoms, of America, and Australia, to propose and discuss such 
changes. Doubtless they would have the good sense to make as lew 
innovations as possible; and, thanks to common consent, the advice 
would probably be followed. A few modifications in the orthography 
alone would render the English language more easy to strangers, and 
would contribute toward the maintenance of unity in pronunciation 
throughout Anglo-American countries. 

NOTES BY DE. JOHN EDWARD GEAT, OF THE BRITISH MUSEUM. 

It may be observed, in addition, that the people who use the English 
language in dilterent parts of the world areareadinganda book -buying 
people, and especially given to the study of quasi-scientific books, as is 
proved by the fact of the extensive sate which they command. 

In support of this assertion, I may quote the Baron F^raasac's re- 
view of Wood's " Index Testaceologicus," in the Bull. Sei. Nat., Paris, 
1829, p. 375. He remarks : 
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" We observe with interest tlie uumber of subscribers that exist in 
England for an octavo volame ou shells, costing 186 francs. It is a 
curious £ict, which booksellers and authors will appreciate, as it will 
uQ'ord them the means of seeing bow it return is obtained for their oat- 
lay on such works in England, compared with other coHotries. The 
tiuDiber of subscribers is 2S0, of which 34 are females and 6 foreigners. 
Oertainly all the rest of Europe could uot produce as many, nor per- 
haps even the half of that namber." 

How much more astonished woald M. P^russac have been, if in- 
formed that these were only the subscribers before publication, and that 
1,000 copies were soldi Since 1829 the sale of scientific books has 
much increased, as is shown, for example, by the many editions of the 
works of Lyell and other naturalists, each edition being of 1,000 copies. 

Most scientific books in France and other continental countries celd 
only be published when the government furnishes the cost; end they 
are chiefly published in an expensive form as a national display, and 
lire almost confined to their public libraries, except the sale of copies 
that are bought by English collectors. 

In England such works are generally published by individual enter- 
prise, and depend on the general public for their support, and are pnb- 
lished in a style to suit the different classes. Thus there are works of 
luxury for the rich, often published by individuals who confine them- 
selves to the production of that class of books; very cheap works for 
the student and mechanic; and books of all intermediate grades, pro- 
duced by tlie reguVar publishers. The females of all grades are ex- 
tensive readers of this class of books, which, I believe, is chiefly the 
'case with English-speaking races. 

Some of the scientific Swedes and Russians have published their 
papers in the Eugtish language, or appended an abstract in English to 
them, as Thorell on European Spiders; Professor Lilljeboig on Lysi- 
anassa, and Professor Wackerbarth on the Planet Leda, &c. The 
Danes and Duteh often publish t}ieir scientific papers in French, iis 
Temminck, Beinhardt, and the late Professor Van der Hoeven, who 
themselves read and write English ,- but it appears they regard French 
as the polite language of courts, and forget that courtiers, generally, 
have a contempt for science, and that they should look among the 
people for their readers. 

It is to be observed that Professor de Oandolte himself uses the 
French language with a very English construction ; but we believe that 
his work would have commanded the greatest number of readers if 
written in the Eiiglish language, which he reads and writes so fluently. 

See, also, Mr. Galton's interesting article on the Causes which ci-eate 
Scientific Men, in the " Fortnightly Beview" for March, 1873, p. 346, 
which contains some interesting observations on M. de Caudolle's work. 
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ON UNDERGROUND TEMPERATURE. 



Piepared for the Smithsonian Inatitution bj Charles A. Schott, of the U. S. Cout 

Suivey. 



The earth's solid cmst being hotter than the mean temperature of the 
lower atmosphere resting on its surface, heat is constantly and very 
slowly passing outward, and strata of equal depth would have very 
nearly uniform temperatures but for the iuduence of the daily, the iiunual, 
and the irregular variations of the atmospheric temperature, received by 
conduction. The solar heat theu aets as a disturbance of the thermal 
equilibrium, and the depth of the stratum of the so-called " invariable 
temperature," t. c, when the changes escape ordinary observation or 
become less than 0°. 01 C, as generally defined, is found about 6 meters 
below the surface in the tropica, and about 30 meters below the surface 
in the middle latitudes. The corresponding depths at which the daily 
variations become imperceptible are 0.3 meter and 1,3 meter very nearly. 
These numbers, however, depend greatly on the kind of soil or rock, 
and will differ considerably for loose soil of greater or less porosity 
and for solid rock. Our records of observations are very scanty and 
deficient in range, and barely afford the necessary data to form a basis 
of calculation, on account of the many conditions which enter into the 
problem. 

It would appeur from experience that the mean temperature of the 
air, as ordinarily observed, say at an elevation of 1 or 2 meters above 
ground, is slightly higher than the mean temperature of the surface of 
the soil. The mean temperature of the earth's crust increases from the 
surface, with increasing depth, and with a nearly uniform rate for 
moderate depths, with an average amount of about 28 meters for each 
degree of the centigrade scale, and the temperature at the depth of in- 
variable heat nearly equals the mean anuual atmospheric temperature 
of the place, but slightly exceeds it in amount. For greater depths the 
descent to produce an increase of V G. is greater than the amount given 
above. With increase of depth the amplitude of change is rapidly 
diminishing, and for a depth increasing arithmetically the amplitudes 
diminish in geometrical ratio; also the depth at which the daily and 
annual variations, respectively, disappear is in proportion of the square 
root of the length of these periods, or about I to 19. The amplitude Ap 
baa been represented in the form, log Jp = A — Bp, where A and B are 
constants to be determined at the place, and p the depth. Observa- 
tions by Quetelet at Brussels, for instance, give the following result: 
Log Jp = !. 15108 — 0.041 19 j>, (amplitude in degrees centigntde and p in 
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feet.) At this place the following raeaa temperatures and epocbs of 
maxima have been obtained : 



Depth infect. 


UewHempera. 
tntB, 


Epoch! of mulnuL 


Depth Id f^t. 


Ue>D tempera- 
tore. 


Bpachiof mnxlma. 


0.00 
431 


io.se 


AuEDBt i. 


3.08' 
M.00 


11.03 
laOfl 


August 10. 
Sepiembcre. 
October U. 


At Edinburgh the following results were obtained : 


Depth in melsn 


Mt^DUppe™- 
lore. 


Amplitude. 


Deptl>-iiiiiiete» 


Meim temper*, 
(nre. 


Amplitode. 


91 


l^ 


tl' 


3.86 
7.3a 


fl.30' . 


If' 



For the greatest depth, the time required for the heat-wave to reach 
it is nearly six moaths, making the surface maximum temperature co- 
incident with the minimum temperature of the stratum, 7.32 meters 
below. 

In the case of Chicago, we may take the mean annual temperature of 
theatmosphere just above the surface=8o.l7 C. ; thatofthe sarl'ace of 
the 8oiI=8o.0C. The increase for a depth of 12.2 meters forthe lowest 
stratum of clay and to the rock -surface will be 0o.44 C, making 80.44 O. ■ 
for this depth. The invariable temperature may be estimated abouc 9 or 
10 C, and may be found at a depth between 30 and 10 meters, the 
variations being transmitted to a greater depth in rock than iu day. 
At the surface of the rock the variations of temperature will probably 
yet amount to 0°.!, (according to the Edinburgh observations.) For a 
depth of 229 meters, correspondlag to the depth from which the well- 
water flows, the increase of heat should amount to 8°.2 0., according to 
the mean given above ; hence the computed temperature 16°.2 C. But 
the observed temperature is only 12°.8 C, showing either a much slower 
rate of increase (1°C ia 48 meters) or a local deviation, probably due 
to infiltration of water from a higher level. Whether the lake-water, 
which is colder at the same depth than solid matter would be, can 
exert an influence by conduction, I do not know. 

Prof. J. D. Everett, chairman of the committee of the British Asso- 
ciation for the Advancement of Science, on the subject of underground 
temperature has published a number of valuable reports The ibllow- 
iog is an extract from a recent communication of his to the Belfast 
Natural History and Philosophical Society ; 

" The phenomena of underground temperature may conveniently be 
classed under two heads, according as attention is directed to the first 
forty or fifty feet, or to such depths as are attained in mines and artesian 
wells. 
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" The annaal wave of temperature is propagated dowoward from the 
surface, at a rate \rbich depeods od tbeiiature of tbe soil, and is on the 
average rather greater than a foot per weeh; while at the same time the 
amplitude (or maguitade) of the wave dimiDisbes in a ratio also de- 
pendent ou tbe soil, and amoooting on the average to a halving of tbe 
amplitude for every five or six feet of descent. 

" Supposing the soil to be uniform, the surface to be plane, and tbe 
propagation of heat to be effected solely by conduction, a simple har- 
monic variation of temperature at the surface (which we may call in 
l>opuhir language a simple wave of temperature} will be propagated 
downward with a uniform velocity, and with amplitude diminishing iu 
geometrical progression. There will, moreover, be a defiuite relation 
between the ratio of this progression and the velocity of propagation, 
so that if the one is given the other can be computed. In fact, we shall 
have — 

^ _ time of propagation from one depth to another 
period of variatioa 

amplitude at 1st depth 

= Napierian logarithm of 

amplitnde at 2d depth 

diflbrence of depths /iTo 
~ V period of variation* * 
where T denotes 3.1416; c, thermal capacity per unit-volume; aud, k, con- 
ductivity.* 

" If tbe variation of temperature at tbe surface, instead of being simple 
harmonic, be any periodic variation whatever, it can be reduced by 
Fourier's method to the sum of a number of simple harmonic variations, 
and each of these variations will be propagated according to the above 
law, unaffected by the rest. 

" As the square root of the number of days in the year is almost exactly 
19, tbe above formala shows that the annual wave is propagated 19 times 
as fast as the diurnal wave, and that the falling-off in amplitude is tbe 
same in one foot for tbe diurnal wave as in 19 feet for the annual wave. 

" Of the different simple harmonic components which make up the 
whole variatioa at the surface, those of longest period are propagated 
downward most quickly, and die away most slowly. For this reason, 

* The Dnmerical valne of the co-efBcieot f~ ns given in Professor Everett's Discus- 
sion of the ObaerratioDB at the Greenwich Observatory, 1S60, Is as follows; 

From the Green wicli observations 0.0918 

From Caltou Hill, trap-rock 0.1156 

From Experimental Oatden, sand 0.1098 

From Craigleltb Quarry, sandstone 0.0674 

f he dimiuutioD oL /^ indicates either a decrease in capacity for heat or on increase 
in condoctivity. 
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aa well as from its greater origioal magiiitade, the aauual simple har- 
moDio wave becomes more aad more predomioant as we descend, and 
the curve of temperature for the year approaches more and more nearly 
to the fonn of a simple harmonic curve, or curve of sines. 

"Observations taken at three stations in or near Edinborgh, and at 
Greenwich Observatory, have been redaced in accordance with the above 
priociples, the result being in every case to show a satisfactory agree- 
ment between theory and practice ; and the values of the thermal co- 
efKcient t thus obtained for these four stations, have furnished the basis 

of the most reliable calculations yet made regarding the earth's age as 
a habitable globe. For the three Edinborgh stations the value of o 
(which is the product of specific heat by specific gravitj") was also de- 
termined by laboratory experiments conducted by Beguault, and hence 
the conductivity, fc, was found by computation. 

" The following is a sample of the temperatures observed at Greenwich 
at the depths of 1 inch, 12.8 feet, and 26.6 feet. The wannest and coldest 
calendar months had the following mean temperatures : 





Warmest 


Mc-ao temp. 


Coldest 


Mean temp. 


linch 


July 


65.9 


Jctnnary 


40.5 


3 feet 


ADgast 


63.5 


Febroary 


41.1 


.Sfeet 




55.5 


April 


46.1 


3. 6 feet 




52.0 


Jane 


4B.6 



" The mean temperature at a depth of 10, 20, or 30 feet does not dilfer 
much fi-om the mean temperature at the surface. A slight increase is, 
however, usually observable even at these small depths; and, when we 
penetrate to the depth of several hundred feet, we find the temperature 
higher by several degrees than the mean temperatoie of the surface. 
In fact, the deeper we go the higher is tlie temperature which we find. 

"Attempts were formerly made to explain away this phenomenon, the 
high temperatures observed in deep mines being ascribed to the pres- 
ence of the men working in them, assisted in some cases by the slow 
combustion of pyrites ; but the fact of a steady increase downward, at 
a rate which is not exactly uniform, but varies from about l'^ Fabr. in 
100 feet to 1° Fahr, in 40 feet, has now been placed beyond all question." 

Theoretical investigations will be found in Fourier's Th^orie ana- 
lytique de la chalonr, Paris, 1822 ; ia Poisson's Traits math^matigue de 
la chaleur, Paris, 1835. See also various papers by Quetelet in the M6m. 
de I'Acad. roy. de Bruxelles ; also, Piazzi Smyth in Astronomical Ob- 
servations at the Eoyal Observatory at Edinburgh ; Forbes and his 
own Observations, vol. si, for 1849-'54, and vol. xiii, for t860-'70. A fair 
statement of the subject is found in Schmid's Meteorology, Leipsic, 
1860. See, also, J, D. Forbes's " Experiments on the Temperature of the 
Earth," in Trans. B. S. E., 1846 ; Sir W, Thomson " On the Eeductiou of 
ObservationsofUndergroundTemperature,"iuTrans. it. 8. E.,1860; "On 
the Age of the Sun's Heat," in Macmillan's Magazine, March, 1862 ; " On 
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the Secular Cooling of the Barth," in Trans. E. S. E., 1862, (reprioted at 
the end of Thomson and Tait'a " Treatise on Natural Philosophy ;") " The 
Uoctriue of Uniformity in Geology Briefly Eefat«d,"in Proc E. 9. E., De- 
cemher, 1865; "On Geological Time," in Trans. Geol. Soc,, Glasgow, vol. 
Ill, part I ; " Of Geological Dynamics," iaTrans. Geol. Soc, Glasgow, vol. 
Ill, part II ; J. D. Everett " On a Method of Beducing Observations of 
UndergronndTemperatore," in Trans. E. 8. E., I860; " On the Mean Tem- 
perature of a Stratum of Soil," in Trans. E. S. E., 1862 ; " Eedaction of 
the Observations of the Deep-sunk Thermometers," in Greenwich Ob- 
servations, 1860 ; "Eeports of Committee on Eate of Increase of Dnder- 
groiind Temperature," in B. A. Eeports, from 1868 onward. 
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ON A SERIES OF EARTHQUAKES IN NORTH CAROLINA, COM- 
MENCING ON THE lOTH OF FEBRUARY, 1874. 



By Professor Wakrkn du Pafi, 

0/ Woffinrd CoUcge, Spartanburgk, S. C. 



The following is an extract from a letter of tbe 24th April, 1874, from 
Prolesfior Du Pr»i to General Benjamin Alvord, U. S, Army : 

"My visit to the mountains of North Carolina was undertaken to 
satisfy myself with respect to the numerous rumors which bad reached 
us of the volcanic disturbances in that section of the country. I could 
spend but two days (19th and 20th March) in tbe investigation, but 
was quite diligent in collecting facts and in extending my explorations 
on horse and on foot so as to cover a distance of eighteen or twenty 
miles. I was soon convinced that tbe physical disturbances were real, 
but many of tbe rumors wei-e false, and that tbe truth bad been much 
exaggerated by the fears of tbe people. The explosive noises accom- 
panying the shoclis and the limited area of the distarbances are peculi- 
arities worthy the attentjon of scientists, and demand a more thorough 
exploradon. The inclosed is a hasty report of my trip, which I drew 
up to allay, if possible, tbe fears of the inhabitants of the district. 

Stone Monntain, tbe site of the disturbances, like all the neighboring 
peaks, is composed chiefly of gneies and granitic slates, and covered 
with a dense forest growth. In a direct line, it is about tourteen miles 
from Black Mountain, or "Mount Mitchell," the highest point in tbe 
United States east of the Rocky Mountains. It lies between Broad 
and Catawba Rivers, both of which point to Black Mountain, while 
on the northwest side of the Blue Ridge, the Swannanoah and Green 
Rivers, tributaries of the French Broad, have their sources near the 
Black Moautain. So many large rivers, on both sides of the Blue Bidge, 
heading up in this section, would indicate Blaek Mountain as the cen- 
ter of the volcanic force which lilted up these mountain-ridges. I ex- 
pect to visit these mountains again in July, when I shall have more 
time to investigate this matter.*" 

Extracts from report above referred to, elated ^artanbvrgh, 8. C, March 28, 
1874. 

On Wednesday, the 18tb of March, in company with Rev. K. 0. 
Oliver, editor of The Orphans' Friend, Mr. McKcnu Johnstone, civil 



* ProfesBor Da Pr6 has been requestecl (o commuDicato a report of this projected trip. 
Further data remaJD to be gleaned, oa the pboDiimena appear to have coutiDued, at least, 
up to Apiil, 
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eugineer, and the senior class of Wofford College, I started for Hickory 
Nat Gap, lor the purpose of making sncb persoual obserrationB as my 
limited time would permit, and of collecting and sifting all the testi- 
mony that I conld gather from the inhabitants of the affected regjon. 
At Kntherfordton, we were joined by Capt. William Twitty, an edu- 
cated gentleman, who gave ns mach ascnstance in onr explorations. 

To understand the bearing of the facts and testimony upon the question 
whether these disturbances threaten a volcanic eruption, as a prelimi- 
nary, I shall describe, as clearly as I can, the situation of this mount- 
ain. Five miles east of Hickory Nut Gap, lies this high mountain- 
ridge, bearing upon its back several peaks, the highest of which are called 
Bald, Stone, and Bound Mountains, and extending from southwest to 
northeast, a distance of ten miles, in the order in which they are named. 
Ttiey constitute one mouutaiu-ridge fix>m 3,000 to 3,500 feet high, flanking 
the Blue Bidge, nearly parallel with it, bounded on the east by Creoked 
Creek, and on t'he west by Broad River, which, with its narrow valley, 
separates them from the high ridge of moniitains that border the east- 
ern side of Hickory Nut Gap. 

Directing onr course along the eastern slope, we came first to the 
house of Hev. Mr. Logan, a Baptist minister, from whom we learned 
that the noises and shocks were first beard and felt in Stone Mountain, 
on Tuesday, the 10th of Febrnary ; that they were repeated on the fol- 
lowing Sunday, with increased severity, so much so that the people sent 
for him, a distance of ten miles, to bold religions meetings with them ; 
that he and his wife heard the explosions, and felt the shocks repeatedly 
day and night, once causing the lightning-rods attached to his chimneys 
to rattle considerably, the sky being clear, and no wind blowing ; that 
the sounds came from the direction of Stone and Bald Mountains, were 
at first explosive, followed by a slight rumbling lasting for a few seconds, 
similar to a blast from a stone-quarry ; that the shocks were almost in- 
stantaneous with the explosions, very rapid, making the ground trem- 
ble for a few seconds. In response to an inquiry, whether any one was 
blasting rock about the monntains, he replied that none conld be found, 
and there was but one quarry, thirty-three miles distant in an opposite 
direction, and that had not been worked for several months past. 

After going two or three miles further, we turned to the left, and 
were ascending Fork Knob, over which the road leads to the top of 
Stone Mountain, when a loud explosion in the direction of Stone Mount- 
ain startled us all. It was instantly followed by a low reverberatory 
sound, as if descending the slope of the mountain. We felt no shocks, 
which was due, no doabt, to the steep and stony road over which our 
buggies were passing at the time. Thiswason thelOth, at5. p. m. Two 
of our company who had preceded us a mile, and were about a half 
mile from the top of Stone Mountain, beiird the report, and also teltthe 
ground tremble under them. The sound resembled the snppressed bat 
sudden report of a quarry .blast, and seemed to come through the mount- 
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aitt. We arrived abont Bonset at Mr. BUiotfs, whose house is situated 
in a depression betneeu Bound and 8tone Peaks, about a half milo from 
the top of the latt«r. From Elliott's house, Bound Mountain bears oorth 
3?o west. Stone Mountain south 73° west, and are about a half or three- 
quarters of a mile distant from each other. This house being about the 
Gent«r of the greatest agitation, and whence most of the exaggerated 
rumors had their origin, we determined to remain all night, and I 
kept watch until abont two o'clock. ••*•••• 
The next morning I gathered from Mr. and Mrs. Elliott, in answer, to 
many inqairies, the following statement: " The first noise and shakes (as 
the shocks are very espressively denominated by the mountain people) 
were heard and felt on Tuesday, 10th February— some of tbem were 
felt as far as White House, on Cove Creek, eight miles distant. Sunday 
morning these sounds and shakes were repeated with increased severity, 
one a little after sunrise, another at 10, and another at 2 o'clock in the 
night ; noises continued, some with shakes, and some without, until 
Thursday following, with intervals of abont an hour or two. The 
house — a stout log building — shook so violently that the children be- 
came very much alarmed, all thinking it would fall. A ladder resting 
apon a support in the yard rattled frequently, and the ground seemed 
to tremble under their feet. The noise began like explosions of a quarry- 
blast, in the northwest, and west off to the southeast, with a rumbling 
sound under ground. The weather wasquite variable, sometimes cloudy 
and rainy, at other times clear and cool. The people abont the mount- 
ain were very much alarmed j had preaching and prayer-meetings 
daily for a week or more, and forty-five new members were added to 
the Baptist chnrcb." 

About 9 o'clock in the morning of the 20th we began the exploration 
of Stone Mountain. From the base to the summit it is covered with a 
dark rich soil, about a foot deep, partly cleared and cultivated, but 
mostly clothed with a growth of heavy timber, consisting of chestnut and 
oak. The granite slates, about the thickness of flag-stones, scattered 
over the surface, ludicate that the foriQation does not difier from most 
of the surrounding peaks. Near its highest point several large blocks 
of coarse granite protrude through the soil to the height of about 10 feet 
above the surface. Owing to the depth of the soil and the slight ex- 
posure of the rocky formations, I could not ascertain the direction or 
angle of the dip. No specimens were found which resembled what are 
usually called volcanic rocks. The mountain appeared as calm aud 
peaceful as if it had never been disturbed since the morning of its up- 
heaval. It presented no cavernous depths or rugged prominences to ex- 
cite the fears of the dwellers upon its slopes. A dozen or more of the 
mountaineers had followed us everywhere in the exploration, and, 
although much alarmed at the frequent agitations of this hitherto stable 
mouutaiu, yet they unanimously contradicted the many rumors of gap- 
ing rooks, smoking peaks, siukiug caverns, melting snows, &0., with 
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which onr newspapers have been teemiDgfor many weelis pasL We 
remaiued on the summit for some time, hoping for an opportunity to 
determine whether the explosions came from the east or west side of 
the mountain, or from the ground under our feet. As nothing occurred 
to settle this question, we descended the western slope to Mrs. Murphy's 
saw-mill, about eight miles from the head of Broad Kiver. A portion 
of our party, who had passed two miles around the base of the moun- 
tain, heard three loud explosions, and felt two distinct shocks proceeding 
directly from the peak which we had left but one hour before. This I 
did not hear or feel, as I was engaged at the time in taking notes of the 
testimony of Mr. T. J. Dalton, amid the rumbling of machinery and the 
roar of the mill-dam. 

It is unnecessary to give, in detail, all the testimony which we col- 
lected from the people while passing along the eastern and western 
side of this monntain, incUidiug a d>istance of eighteen miles. They all 
concurred in the followingsummary: That there werecertaiu days marked 
by loud reports and severe shakes ; that from fifty to seventy-five shocks 
have been felt since the 10th of February ; that the noise begins with 
an explosion like a quarry blast, followed by a rumbling sound, lasting 
only a few seconds j that the shocks are simultaneous,* or almost so, with 
the reports, and seem to follow the direction of the rumbling sound, 
with this exception, that those near the top of the mountain assert they 
appear to be under and all around them ; that the reiwrts all came from 
the Stone and Bald Mountain Ridge, those living on the east side point- 
ing to the west, and those on the west pointing to the east for the di- 
rection of sounds; that these reports occur as often during the nightas 
the day, in fair weather as in foul ; tbat the effects are felt five miles on 
each side of the mountain-ridge, and extend from Broad River on the 
southwest to Catawba on the north, a distance of twenty-flve miles; 
that houses shake, trees with their dead leaves tremble, glasses and 
crockery rattle, s havings in their workshops shake and " quaver," as 
one expressed it. 

This testimony was collected from thirty or forty men and women of 
different degrees of intelligence, and their remarkable concui'rence in 
the above sta tement places the facts beyond the iwssibility of doubt. 

Several hypotheses have been proposed to explain these facts. One 
is, that the blasting of rock about the mountains will account for all of 
them. Upon this point we made particular inquiry. There is certainly 
no operation going on about Stone Mountain, and as the work upon the 
tunnels in Swannauoah Gap has ceased for more than twelve months, 
there is oo occasion for blasting anywhere else, as fine stones for build- 
ing purposes, of every form and size, are scattered over all these regious. 
Besides, any oneacqnaiuted with the law of sound knows that the vibra- 
tory motion communicated to the matter in the crust of the earth by a 
blast (supposing it capable of extending to a great distance) will be felt 
much sooner than the undulations of the atmosphere, which tranamit 
17 8 r-^ ] 
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sounds. A person, therefore, standing a tliousand yards from a quarry 
feds the trembling of the earth some time before be bears the sound of 
the blast. But in all these convulsions of the moantain the concurrent 
testimony is that the sounds and shocks are either simultaneous or 
nestrly so. The blasting of rook, therefore, cannot account for this im- 
portant fact. 

Another hypothesis is, that these effects may be the result of elec> 
tricity escaping from the mouutain to the cloud, or descending from the 
cloud to the mountain. There is nothing in the known operations of 
electricity to produce effects of this kind. Furthermore, these sounds 
and shocks occur as often in fair as foul weather ; and the sounds are 
altogether different, as we bad an opportunity of comparing them during 
our first night's stay upon the mountain. Electricity never explodes 
unless it meets' with a bad conductor, and as the mountain affords it 
an easy transit, the explosion must take place somewhere between the 
summit and the cloud, or along the line of its pathway. The explo- 
sion, tbererore, being iu the air, must be subject to the same laws of 
sound as the blast of the quarry, and the same method of reasoniug 
will apply iu this case as in the other. 

The simultaneo'nsuess of the shocks and explosions proves that the 
sound has not far to travel through the air to reach the observer ; and 
while the primary cause of the explosions may be deeply seated in the 
earth, yet the immediate cause of the sounds may be at or near the sur^ 
face. It is known that the loudness and intensity of sounds depend 
upon the amplitude of the sound-wave. Suppose, then, that the cause 
of these explosions be deeply seated in the crnst of the earth, the force 
acting and reacting upon the superincumbent strata will impart its 
vibrations to them and transmit through them its impulsions to the 
atmosphere above.* I am inclined, therefore, to the opinion that most 
of the noises accompanying earthquakes are the results of vibratory 
movements in the earth's crust, or are the secondary effects of a force 
acting at great depths beneath. This opinion seems to be sustained by 
the evidence of the witnesses upon the summit as well as five miles 
from the base of Stone Mountain, all of whom concur as to the simul- 
taneousness of the shocks and explosions. To this it may be objected 
that earthquake-shocks are often unaccompanied with noises, or that 
the former may precede the latter by several minutes. In reply, I will 
state that the crnst of the earth is composed of different strata, some 
capable of transmitting vibrations that are audible and others that are 
not, as a string may be made to vibrate and yet produce no audible 
souud. Sow, suppose our observer to be standing upon a section of the 
earth's crust which is incapable of receiving or imparting sound-vibra- 

* Tliia eiplatiatiOQ is undoubtedly correct j the Telocity of the Bound-wave in the earth ia 
the aame as Chat of the wave of percussiou ; or, in other words, the two are identical. An 
oar, therefore, placed at the surface of the groucd would at any point hear n BOand simal- 
taneously witb the shock. J. H. 
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tioDS, he may feel the eaitliqaate-shocka and yet hear no noise ; or, if 
sonnds should reach biin after an interval of time, they may come from 
a distant section capable of producing them, but which mnst he trans- 
mitted to his ear through the iotervening atmosphere. 

This discussion leads me to the conclusion that the phenomena con- 
nected with the agitation of Stone Moiiutain must bo referred to tbnt 
general voloanie or earthqua]:e force, which seems as necessary to tlie 
economy of nature as light, heat^ or electricity. I am not bold enough 
to venture a theory suiiiciently broad to explain these peculiar phenom- 
ena. I cannot penetrate the earth to examine the configuration of its 
iuDcr surface. There may be broad and high arches under which the 
earthquake-wave may move without disturbing the crust above; or 
there may be deep depressions presenting walls, against which the mol- 
ten tide may beat and break and send up its thundering vibrations to 
the summit of the loftiest mountain. All this is hypothetical and un- 
satisfactory. But although we are not sufliciently acquainted with the 
nature of this force, its modes of action and the laws which govern it, 
to suggest a theory capable of explaining all the phenomena, yet we 
may examine the facts with reference to the probability of Stone Moun- 
tain becoming an eruptive volcano. While the explosive character of 
the sounds, simultaneousness of sounds and shocks, and the limited 
area of agitation seem to indicate some local cause, yet the general rule 
which regulates the distribution of Volcanoes on continents seems to 
militate against such a conclusion. Volcanoes are arranged along the ' 
border regions of continents, as between the Pacific and Eocky Moun- 
tains, on islands of the coast, or oceanic islands. They are generally 
confined to the borders of larger oceans aud are seldom found in the 
interior of continents. There a^-e none in America east of the Andes 
and Kocky Mountaius, and no remains of volcanic action have ever been 
found along the Appalachian range. These are important facts, indi- 
cating no cbance results, but pointing to a natural law which regulated 
their geographical distribution. And when we consider, too, that vol- 
canoes, with but few exceptions, are only a few miles from the sea or 
lake : that the Blue Hidge, of which Stone Mountain is only an append- 
age, is two hundred aud fifty miles from the Atlantic, and presents no 
markaof former eruptive action, we cannot believe tbatin these latter days 
it will behave itself unseemly and do violence to that natural law which 
planted it In the gardeu-spot of the South, and gave to the Carolinas 
the grandest, loveliest scenery on the Appalachian range. 

[The following snggestions may be considered as a possible solution 
of the phenomena in question : It is a well-established fact in geology 
that'tbe surface of the earth has undergone and is nndergoing changes. 
The highest mountain-chains have been in past geological periods be- 
neath the snrface of the sea, as is evident from the marine shells which 
are found iu their strata. It is also well established that some portions 
of the earth's surface aie at present gradually rising and others slowly 
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falling. Now, if we assume that the regioD around Stone Mountain is 
undergoing: a very gradual elevation or depression, then it will follow 
that the rocky strata will be brought into a condition of stretching or 
tension which will go on until the limit of elastic cohesion is reached, 
when a ruptare or crack will suddenly take place which must be at- 
tended with a jar, and, in some cases, with an audible soand. If tbe 
rocky strata is of the same material from the surface down into the inte- 
rior ; for example, granite, and tbe mountain being in the process of 
depression, the crack will take place deep in the interior. If, on the 
other hand, the mountain is being elevated, the crack will be at the 
surface. If, however, the npper strata are more extensible than the 
deeper seated, the crack may be in the interior in the case of an eleva- 
tion as well as in that Of a depression. 

It has of late years been suspected, from tbe discrepancy in later 
and older measurements of points on the Andes, that this mountain 
system is in a state of very slow subsidence. 

If the foregoing views are correct there is no indication of a volcanic 
outburst; and whatever moral effect the disturbances may have on 
the character of the inhabitants of the region, there is little danger as 
to any physical changes taking place of sufficient intensity to endanger 
life.-J. H.] 



n,g,t,7l.dM,GOOglC 



REPORT ON THE TRANSACTIONS OF THE SOCIETY OF PHYSICS 
AND NATURAL HISTORY, OF GENEVA, FROM JUNE, 1873, TO 
JUBE, 1873. 



By Prop. A. De La Hive, President. 



[Traiultited foT the Smilhsonian lastitution.] 

Gentlemen : Called a second time, tbrongh your kioduess, to preside 
ovet you, again I have the houor to present the anuoal report of saeh of 
your transactions as your president has considered it desirable to register. 
Happily, this year, that part of the report api»ropriated to biographical 
notices is extremely brief. The society, after the great losses it sustaioed 
during last year, has not this year been called to moarn a single one of 
its ordinary regular members. But of its honorary members two have 
beeu taken away, Madame Somerville and Arnold Escher de la Linth. 

I have little to say of Madame Somerville, who has made for herself 
a brilliant reputatiou, during the last fifty years, by her mathematical 
works, and especially by her translation into English of the M^canique 
celeste of Laplace. She was in full sympathy wilh the different branches 
of science, and well informed as to their progress. She had for several 
years resided in Florence, where she died at an advanced age. 

Arnold Eaeher de la Linth was a son of the celebrated Conrad Escher, 
fiarnamed de la Linth on account of the great service he rendered to 
the valley of that name, by directing the river Linth into Lake Wallen- 
stadt, in order to protect the valley from inundations; an admirable 
work, managed with great talent and perseverance. 

Arnold Escher acquired at an early age, under his father's tuition, a 
love for the natural sciences. Conrad Escber was in fact one of the 
most eminent naturalists of his time ; bis observations in regard to the 
dispersion of erratic bowlders, and their distribution over the Swiss 
plains, are especially remarkable. 

The son, during the frequent excursions made with his father into the 
mountains of Glaris, formed the conception of a geological map of Switz- 
erland, which be afterward executed and published, iu concert with M, 
Studer, the eminent geologist of Berne, after twenty years of labor and 
innumerable journeys. He examined the Alps in every detail, and the 
precision and justice of bis judgment, the accuracy of his observations, 
and the quickness of his comprehension permitted hiQi to accumulate 
more abundant material for study than unfortunately he could make 
use c^. 

The desirable qualities we have mentioned inspired confidence, and 
be was frequently consulted ; his answers were always characterized by 
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a straightforward integrity, and a scientific accuracy quite exceptional, 
as well as a liberality rarely met with, which rendered him indifferent 
as to whether or not his ideas were appropriated by others. The perfect 
honesty and great cooscientioasness with which he pnrsued his researches 
often prevented him from publishing them. He was always afraid of 
not having sufficiently investigated the ground gone over, and wonld 
go again to places he perhaps had previously visited many times. 

He belonged to the geological commii^sion of Switzerland, and was one 
of its most iufiuential members. This commission assigned to him the 
preparation of the part of the Federal Atlas which contained the Sentis. 
He had devoted more than twenty years to the study of this mountain, 
and as early as in 1848 the cuts fnmished to Murchisou, which were pab- 
lished inthe memoir of the English Mean, prove that he was master of 
the subjects When death prevented Escher from making the publication 
which had been intmsted to him by the commission, the latter found 
among hia papers, with many iuestiinable scientific treasures, enough 
documents to prepare a large special map of Sentis, on a scale of fifty 
thousands, (the ordinary maps of the commission were of one hundred 
thousands,] with text, both almost entirely from the hand of Escber, 
a work which reflects much honor on his memory. 

I should also add that Escher joined MM. Martins and Desor in an 
expedition to the desert of Sahara, the results of which, especially those 
which relate to the meteorological influence of the simoon, or wind of 
the desert, upon the meteorological condition of the Alpine regions, were 
given in the account of the expedition published by M. Desor, under the 
form of letters aildressed to M. Liebig and M. Ch. Vogt. 

A description of Arnold Escher would be very incomplete were it con- 
fined to an account of his scientific life. The integrity and love of truth 
which distinguished him in his researches, he carried into his private re- 
lations, where they were associated with great simplicity of manner, aod, 
we may say, perfect amiability, accompanied by a slight diffidence, which 
only rendered him the more attractive. It was a real pleasure to see 
him enter our reunions of the Helvetic Society of Natural History, into 
which he brought a warm and cheerful kindliuess it is impossible to 
forget. The void made by his death has been deeply felt, and in the 
month of August last, at the Fribourg meeting, every one deplored his 
absence, with that of our excellent colleague Pictet de la Eive. It was 
a great sorrow not to meet again the two friends, lately so full of life, 
and with nothing about them to indicate premature death. 

If the society lost none of ita ordinary members during the year that 
is passed, it added several to its number. MM. Emile Ador, Edmond 
Sarasin, aad William Barbey were elected as ordinary members, on ac- 
count of interesting communications made by these young savans in 
regard to organic chemistry, geology, and botany. M. Casin, professor 
of the lyceum of Charlemagne, well known for important researches 
in physics, of which he in person made an exposition, in part, at 
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a sessioD of tbe society, was elected an hoDorary member. Tbe society 
baa cbosea as pi-esident, for tbe year commencing to-day, Professor de 
CandoHe, and lias re-elected as treasurer, for three years dating from the 
month of January, M. Philippe Plantamour. Finally, it has acquired 
two now free associate m.embers, MM. Edouard Des Goattes and Henri 
Hcntscb. 

The second part of volume xxi of our memoirs appeared at tbe end 
of 1872; it contained, besides tbe report of the president, an article 
upon the Lepidoptera of the Museum of Geneva, by M. Gu^n^e, whom 
tbe society elected last year as honorary member ; the fourth series of 
a work by M. Duby on new, or not well known, cryptogams; some 
observations npona primordial groop of plants (appendieulaires) of the 
Strait of Messina, by M. Hermann Fol; and, lastly, an important me- 
moir upon the effects of lightning upon trees and ligneous plants, and 
the employment of them as conductors or lightning-rods, by M. Daniel 
Colladon. 

Independently of tbe first part of volume xxiii, which will appear 
in tbe course of the year, the society, thanks to the generosity of M, 
Glapar^de, sen., and of his daughter, Madame Flournois, has added to 
its memoirs, as volume xxii, the last work of M. Edouard Olapar^de, 
prefaced by a biographical notice of our lamented colleague, by M. 
Henri de Saussnre- This volume, which is already printed, will soon be 
given to the public. 

The society is still occupied with investigations in regard to the lake 
of Geneva, and has received several reports of the commission from 
M. Alpbonse Favre. After allotting a sum of 500 francs from its funds 
to commence this work, in order to defray the subsequent expense 
the society has opened a special subscription, which has brought in 
1,800 franca net. The first soundings undertaken by M. Favre, assisted 
by M. Henri Hentsch, cost 336 francs 75 centimes, which sum was taken 
from a donation to the commission of 700 francs — 400 from the Geneva 
society and 300 from tbe Vandois society. In the following account of 
the labors of tbe society will bo found some of tbe scientific results 
obtained. 

I mention, merely to recall the fact, the examination made by thesociety 
of the changes proposed by the central committee of the Helvetic Society 
of Naiural Science in the existing constitution and title of the society. 
It has given an opinion unfavorable to their adoption, especially that 
which relates to a diminution in the nnraber of days of a session, which 
the committee proposed to rednce to two. The society has always ad- 
mitted that the local committee could, when desirable, make this reduc- 
tion. 

SUMMAUT OF SOIBNTIFIO LABORS. 

1. Physical science. — The mathematical sciences which, without a strict 
regard to the laws of classification, I eater under the head of physical 
science, have been well represented in our sessions. ,-. , 
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M. Galopiu baa givea ua a method of determiuing the maxima and 
the minima of a fuuction. It consista in reducing to the derivative of 
the function, and then arranging the roots in the order of their powers. 
In thia order they correspoad alternately to a maximam and a mini- 
mam, so that it is only necessary to determine the derivative of one of 
them. 

M. de la Harpe haa exhibited a property of numbers by which it results 
that ttie cube of oue number is alwaya equal to the difference of the 
squares of two other numbers. 

We commence the enumeration of the works of the society in physical 
science proper, with meteorology. 

M. Plaiitamour has given a summary of the ndometric observations 
for the meteorological year 1872. From the commencement of our 
regular obser\'^ations, that is to say, from the year 1826, there has never 
been as much rain in one year as iu that of 1S12. The ann ual mean at 
Geneva is 824"". In 1872 there fell 1,086="" ; that is to say, over a third 
more th»n the mean, 

M. Plantamonr has kept the society informed in regard to the geodetic 
operations carried on iu Switzerland. The purpose of the geodetic cum- 
paign of 1872 has been to determine the co-ordinates of the Gebris, 
in the canton of Appenzell, the Gebris being one of the points of the 
new international triaugulation, intended to connect thia mountain with 
the Austrian triaugulation. An error in the closing of a large polygon 
paasiu^ through the Simplon and the Gotbard necessitated a new set of 
operationa, for there was an error iu taking the level of about 1", which 
waa inadmissible. The cause of thia error has not yet beeu diacovered. 
The errora which are found out by the closing of a polygon have also 
been the subject of a communication from General Dufour, who haa 
mentioned the deviation of the plnmb-line, on account of the neigh- 
borhood of the mountains, as a possible cauae of the want of accord- 
ance between the two leveiinga. 

Our society, iu concert with the Vaudois Society of Natural Sciences, 
has decided, as you know, to undertake an examination of the bottom 
of the lake. In view of this work, MM. A, Favre and H. Hentsch have 
made some preparatory soundings, which have been the subject of a 
communication to the society. The process of determiuing a profile by 
soundings, which consists in causing an experienced rower to give the 
same number of strokes of the oar between two consecutive soundings, 
is not sufficiently precise ; at least it did not prove to be ao under the 
conditions in which the observations were made. Under other circum- 
staneea it might be useful. If, on the contrary, the profile is obtained by 
meaus of a rope supported by corka, reaulta may be corrected by a 
second operation. The depth of the little lake is in some parts much 
greater than is indicated in che map of the canton. 

I am constrained to mentiou in this connection the communication by 
M. Cbaix of a hydrographic map, pabliahed by the federal bui'ean, to 
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whicli M. Ohaix has a<1ded his experiments npon the proportion of solid 
matter contaioed in the water of the Arve. 

On the 27th of November of last year occurred that remarkable rain 
of meteors, n'hich seemed to confirm the hypothesis that shooting stars 
are produced by the disintegration of comets. M. Plantamour gave to 
the society the data for the solution of 4he question, to which the attention 
of the society i" ^ again directed by M. E. Gautier, in the course of a 
notice of tbe j, jsumod discovery of the comet of Biela by an astrouomer 
of Ma.lr:' . 

I eomiiiete . " notice of astronomical researches by mentioning the 
remarkable iDs ';^mmunicated by M.Thury of astronomical visibility. 
He 0' erv,'!], by means of bis amal! refractor, with great clearness, on 
the ni, of ti-" 15th to 16th of June, the star Antar^s and the small 
blue stai ar .„ 

'Wiin'^ t t^.jfr. permits me merely to recall to your memory, without 
analyzing it, the communication of M. Soret in i -gard to his compara- 
tive researches between thermal solar radiation and that of a body 
heat«d in th" osyhydric flame. These researches, which modify the 
assertions of ..'. Secchi in regard o the temperature of the sun, have 
been published. I would say here, that it is cir custom, in our annual 
account of the proceedings of tbesocit^ty, ;o coi^lneouiselves almost 
exclusively to communications which have not been laid before the 
public. I give, once for all, this explanation, to account for tbe more or 
less brief notice of some of the subjects which have been discussed at 



M. Wartmann discussed tbe theory of the perception of color, which 
admits three systems of nerves, corresponding to tbe three fundamental 
colors, and opposed to this theory certain observed facts; iu particular, 
the fact that certain Daltonians do not perceive color, but only a con- 
trast of light and shade of different intensities. 

Information in regard to the aurora borealis has, from time to time, 
been sent to me by observers of this phenomenon and by savaus 
interested in tbe subject I have communicated to the society tbe 
principal inferences drawn from a work of M. Bon£, upon the concord- 
ance of austral and boreal auroras which he sent me iu a le^er, and 
also those ftom the researches of M. Lovering, who has united in a 
catalogue more than 12,000 observations of auroras. 

M. Marignac bas given us the result of his experiments upon the 
identity of the heat of fusion and tbe heat of solution. The tem- 
perature of solution of a body whose point of fusion is very low was 
observed during the cooling, and particularly as it passed tbe point of 
fusion. There was no sudden change, nothing anomalous, as it passed 
this point; and M. Marignae therefore concluded that tbe heat of fusion 
is identical with that of solution. For this experiment a solution of 
spermaceti in alcohol was used ; the point of fusion was at 48"^ 0. The 
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substances which meet the conditions required by these researches are 
few in number. 

M. £. Ador has presented to tbe society a sammary of bis researches 
in regard to tbe radical of pbtalic acid. 

I close the account of our labors in physical science by mentioning 
the oral sammary given by M. Casin of some of his researches, already 
printed, which he has presented to the society. 

I also recall that Professor Gautier in numerous reports, several of 
which have been published in the archives, has informed us of varioas 
astronomical investigations, and in particular of those of M. Hnggins 
of stellar apectra in regard to tbe direction of the movement of stars in 
relation to the earth. 

2. The natural sciences. — Geology and paleontology have so much in 
common,that it seems to me quite natural to mention in connection what 
relates to these two sciences. 

I would remind you that M. A. Favre presented an article upon pbos. 
phates, and their beds, and that M. E. Favre made the society acquaiuted 
with the recent worlts upon tbe structure'of ammonites. 

Tbe boring of tbe Gotbard cannot fail to interest geologists. Specimens 
of the difterent rocks encountered will be preserved in their order of 
succession. M. A. Favre, in making a communication to the society 
upon this subject, soggested the request for a set of these specimens for 
the Museum of Geneva. 

M. Ed. Sarasin presented an article, prepared with the assistance of 
M. Fuchs, upon tbe sources of the petroleum of Campina, in Wallacbia. 
This article assigns to petrolenm an eruptive origin, and assimilates it to 
the hydrocarbons disengaged during volcanic phenomena. This hy- 
pothesis led the authors to expect that they would find in beds of petro- 
leum a distribution analogous to that of metalliferous strata; their 
anticipations were confirmed by the discovery of an orientation, following 
two parallel lines, in tbe petroleum-emanations of tbe platean of 0am- 
pina. 

M. de 9aus3are, on bis return from a visit to Naples, gave us a descrip- 
tion of the crater of Vesuvius, then in eruption, (see tbe Journal of 
Geneva.) and also presented the society with several other communi- 
catious, upon various subjects, which have already been published. 

M. Dor exhibited to us three skulls of the lacustrian period, recently 
discovered. Two of these skulls belong to the stone age, and are there- 
fore very valuable, on account of the rarity of such specimens, a rarity 
probably due to the custom of burniog bodies. They are skulls of the 
ancient Helvetians, a Celtic race. The large size of one of them shows 
that tbe stature of tbe man of the stone age was greater than has been 
supposed. The third is the skull of a child of tbe bronze age. 

Under tbe head of "animal physiology" should be recorded the re- 
searcbea of M. Prevost upon the section of the cord of the tympanum. 
Contrary to the opinion first announced by M, Yulpian, and afterward 
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modified by this scieutist's own observations, M. Prevost found that the' 
cord of the tympanum is not entirely lost in the lower masillary gland, 
but sends threads to the tongue. Employing the Waller method, be 
divided the tympanum-cord of dogs, cats, &e., and a few days after 
found wasted nervous tubes in the terminal branches of the lingual. 

M. Prevost has given ns the results of Some experiments upon the 
nerves of taste. These are opposed to the hypothesis that the fibers, 
of the lingual nerve which transmits the gustatory impressions, pass 
through the spheno-palatine ganglion. In fact, the amputation of two 
8 phe no-palatine ganglions, accompanied by the section of the two glosso- 
pharyngeal nerves, does not alter the transmission of the gustatory sen- 
sations in the parts moved by the lingual nerve. 

Under the head of physiology should also be mentioned a communi- 
cation concerning the investigations of the congress of medical men at 
Lyons, in regard to the supposed cause of the fevers which justly give 
to the climate of the Dombes a character for insalubrity. In this com- 
munication the intermittent fever of these regions is attributed to the 
spores of a conferva, very abundant in the marshes of that neighbor- 
hood, which rise in the air, with the water evaporated. 

M. Liombard, in regard to a subject upon which he had before ad- 
dressed the society, presented the fact that pulmonary consumption or 
phthisis decreases with altitude, and mentioned Davos station, at an 
elevation of 1,556 meters, as having been found particularly favorable 
to persons affected with this disease. 

In natural history proper, M. V. Fatio has given an account of his 
researches in regard to the development of the black salamander, which 
differs greatly from that of the spotted variety. The black salamander 
produces only two living progeny, although at the same time the ovary 
contains a large number of eggs. Pour of these eggs are dcveloiwd 
at the expense of the others, which are decomposed and servo them as 
nourishment; after a time the development of two of the four ecnbryos 
is arrested, and they in turn serve as nutrition for the last two, wbicU 
alone survive, and are born after undergoing various metamorphoses. 

M. I»mbard exhibited to the society a blind fish from the Mammoth 
Cave of Kentucky, sent to the Museum of Geneva by M. Y. Lombard. 

Vegetable physiology has be^n represented, first, by a communication 
from M. Bissler, upon the nutrition of plants. M. Bisslcr reminded the 
society that he had before presented some researches upon the double 
part played by the humus, which assists the dissolution of the mineral 
substances useful to the plant, and also furnishes a portion of the car- 
bon it contains. His views were opposed to a subsequent memoir upon 
the same subject, to which he drew attention, by M. Grandeau, in which 
M. Bissler's researches are not mentioned, and according to which the 
part played by the hamus consists only in dissolving the nutritive sub- 
stances. 

M, de CandoUe, in noticing the appearance, recently observed, of Al- 
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getine plauts in Fraoce, expressed hia doubts aa to their defiDite estab- 
lishtnent, aad gave some examples of exceptional and temporary devel- 
opmeot of plants. 

Wbile exhibiting to the society a flower of the orchid order, the An- 
grcecum sesquipe^ale. a plant xrhivh is a native of Madagascar and only 
very recently introduced into Europe, M. E. Boissier gave us the views 
of Darwin in regard to the mode of fecundation of this flower. It is re- 
markable for a spur of extraordinary length, the elongation of which 
Darwin considers must be the consequence of the length of the proboscis 
of a certain butterfly which is still uaknown, and which would be the 
only insect which could determine the fecnudation of this orchid. lo 
fact, in all the flowers provided with short spurs, as this butterfly touches 
the nectar with the end of its proboscis, and does not introduce the lat- 
ter entirely, it does not carry off pollen with its head. Such flowers, in 
consequence, do not participate in the fecundation of the others, and 
tend to disappear. M. Boissier made some objections to this theory, 
which he considers insufficiently founded upon observation and even 
logical deduction. , 

M. Miiller claimed to have proved in a striking manner the intimate 
mingiing of the two distinct forms of the ordinary cowslip or pi-imrose, 
and gave this fact as a remarkable example of dimorphism. He recalled 
to mind that if fecundation takes place under the most favorable condi- 
tions, it must be between flowers of opposite form. 

A eoramunication was made to us by M. Lichtenstein, ofMontpellier, 
npoQ the ravages caused in vineyards by the Phylloxera vasiatrix. In 
the same family of plants certain species seem to be spared by this dis- 
ease. Thus, although the European vine transported to America may 
be affected by it, it does nof attack the vine indigenous to America. 
M. Ijichtensteiu has not observed in Switzerland the injurious species of 
Phylloxera. 

Lichens, and the theory of M. Schwandener, according to which they 
have been assimilated to a combination of mushrooms and sea-weeds, 
have been the subject of a communication from M. Miiller. It is true 
that the anatomic structure of lichens exhibits the superposition of 
green cells called gonid^s, and this is analogous to that of sea-weeds, 
also a I'elty tissue containing no chlorophyl, in which it resembles the or- 
ganization of mushrooms ; but still we never tind among the lichens the 
effects produced by the parasitism of the mushrooms, and there exist 
among them forms of fruit and spores never found among the mushrooms. 
M, Miiller does not accept this theory, and sees in lichens a dimorphism 
of which the two terms are : 1. A complete state, known under the name 
lichen. 2. An incomplete state, never producing fruit, and which cor- 
responds to the lichen which grows in an isolated condition. 

M. Duby informed the society that an anomalous moss had t>eeD sent 
to him from New Caledonia. He described two characteristics found in 
no other known moss, which establishes a new genus. The name Mr. 
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Duby has given to this getias is ^nnodontea, and the species has been 
called Spathoidea. 

M. de Caudolle has stated to the society that a plant, the Linnea 
borealiSf whose existence in oar vicinity has been unltuown since De 
Sanssnre found it growing apon the Yoirons, had been discovered by 
M. P. Privat, upon the pass of Oehe. 

M. W. Barbey presented to the society an article npou plant.s of the 
genus EpilobiwA. In this geuns there are some especial difiQcuIties in 
the determination of species, concerning which there is great ancer- 
taiuty, notwithstandiog nnmerous investigations. The seed ought to 
ftimish the best characteristics for determination, bat the Spilobia mul- 
tiply readily by snckers, which favors the permanence of the hybrid 
specimens which abound in this genus. These plants are found in 
great abundance in Kew Zealand. 

M. Hnmbert has presented several very interestinQf commanications 
npon some pnblicatioas relative to natural history, particularly upon 
the work of Hseckel on calcareous sponges. 

1 ought also to mentiou several reviews, presented by different mem- 
bers, of published works ; among others, that of M. Ernest Favre, of 
the work of M. BarraDde upon the Silurian formation of Bohemia, and 
those of M. Micheli, of the new edition of the treatise on botany of M. 
Sachs, and of a work of M. Krauss, professor of botany at Erlangen, 
upon the coloring matter of chtorophyl. 

If I do not dwell upon communications of this kind, it is because, in 
the reports of the president, as I have said before, it is customary to 
confine attention principally to original papers ; but I cannot terminate 
this report without special notice of the commnnication, so full of in- 
terest, made by M. Alphonse de Candolle to the society, in its session of 
June, 1873, the last at which I had the honor to preside. In announc- 
ing the pnblication of the seventeenth and last volume of the Prodromue 
iystematia naturalis regni vegetabilis, he gave an historical summary of 
this great and important work. I willingly extend this detailed account 
of what I consider one of the most glorious memorials of the science of 
Geneva. 

Tbe idea, of making a complete revision of the vegetable kingdom 
was conceived by Angustin Pyramus de Candolle, during the last years 
ot his residence iu Montpellier, aliout 1813 or 1814. 

Tiie end he proposed to himself ttien, especially, was to improve and 
diffuse the knowledge of the natural system he was the first to make 
use of, in an important flora, (Flore fran^aise, 1805,) and the principles 
of which he nnfolded in his elementary treatise, (1813.) He began 
with some monographs of families, very carefully elaborated, which he 
published in two volumes called Regni vegetabitis systema naturale, (ISIS 
and 1S21.) He soon saw that to treat every family in this way would be 
beyond the powers of one man, and would require a great deal too mucli 
time, even supposing, as was then believed, that the number of species 
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did not exceed 25,000 or 30,000. De Candolle modified his plan, and 
took up ttie series of families uoder a very macli abridged form ia Lis 
work wbicli lie called the Prodromus. The title indicates that be at some 
future time hoped to take up again the Systema, but the enormous iu- 
crease in the number of species diacovered, after the peace of 1815, soon 
convinced him that this was impossible, aud as the articles in the Pro- 
dromus were considered too brief, lie lengthened the descriptions, after 
the third volume, and contiuncdto do so until the middle of tbe seventh 
volume. There he came to the end of the great family of compound 
fiowers, the elaboratiou of which was his last and greatest effort. 

He was attacked by a serious illness just as he attained his sixtieth 
year, and was obliged to accept of assistance in the work of coutinning 
tbe Prodromus, which he had never before done, except with articles of 
very little consequence. MM. Bentham, Dunal, Decaisne, Orisebach, 
Oboisy, Duby, Boissier, Aloquin, Meissuer, and Alpbonse de CaudoUe 
contributed their aid, and gradually furnished extended articles. De 
Candolle expired on tbe 0th of September, 1841, and his son continued 
to direct the Prodromus, preparing himself certain articles. With tbe 
aid of other assistants, at the end of thirty-two years he bad added t«n 
volumes to tbe seven that his father ha^l published. The seventeenth 
volume completed the principal class of the vegetable kingdom, the 
Dicotyledons, with tbe exception of one family {Artoearpeis) which the 
author could not prepare in time, notwithstanding the delay accorded 
him. The whole forms a series of unparalleled monographs, including 
214 families, 5,134 genera, and 58,975 species. 

The Prodromus has been, we may say, the great authority of descriptive 
botany for half a century. Its order for families has generally been 
adopted, its form of compilation imitated, aud what it proposes or sanc- 
tions admitted. It has been of great service in doing away with a num- 
ber of genera and species for which there was no foundation. As the 
work -was published when most of the new plants were discovered, it con- 
tributed greatly to making them known. It includes 657 new genera 
and 11,790 new species; that is to say, more than Linnieus knew of for 
tbe whole vegetable kiugdom. M. de Candolle shows, by comparing 
tbe volumes three by three from the commencement of the work, that 
the proportion of new genera in relation to the old constantly dimin- 
ishes, while the proportion of new species remains the same ; that is 
always about 25 per cent. We may, therefore, conclude that by the 
end of the present century we shall have discovered very nearly all the 
genera which exist, while with species this is still far from being the 

One of tbe causes of the influence of tbe Prodromus has been its 
entire impartiality with respect to the botanists of all countries. The 
authojs have been chosen without reference to nationality. They are 
thirty-three in number, including MM. Candolle, and of these thirty- 
three contributors twelve are Swiss, nine French, seven German, three 



PHYSICS AKD NATURAL HISTOEY, OF GENEVA. 271 

English, ODO Italian, one Swedish, one from Holland, and one a Bel- 
gian. 

Augnstin Pyramas de Gaodolle has written almost a thinl of the 
work, 4,303 pages; Alph. de Caadolle, 1,387 pages; J. Miilier, of Ar- 
govie, 1,144; Bentham, 1,133; Meissuer, 835; Dunal, 732; the twenty- 
nine other assistants, articles less extended. Be Candolle, Ms son, and 
his grandson (Casimir) have compiled 5,947 pages out of the whole 
13,194. The contributors residing at Geneva have furnished six-tenths. 
The mere correction of proof in such an especial ivork has been a 
great labor for the two directors, who have done it all themselves. They 
have also greatly assisted their colaborets, by tailing notes for sisty 
years, without interrnptiou, of all new descriptions and plates which 
have appeared in botanical books and journals. These notes, classed 
by families, form the most complete repertory of descriptive botanical 
litaratare ever compiled. 

. Several motives induced M. de Candolle not to extend the Prodro- 
mus beyond the Dicotyledons. The principal one was the great increase 
in the difflculty of the work, on account of the continnally-increasiDg 
, number of specimens to be examined and of species and characteristics 
to be determined by the aid of the magnifyiug-glasa. When A. P. do 
Candolte commenced, an active botanist could describe, according to 
the custom of the time, 1,500 or 1,800 species a year. Now, with the 
work prepared as iu the last volumes of the Prodromus, ciud in ac- 
cordance with the existing state of science, an industrious botanist could 
describe not more than 300 or 400 species a year. The difScutty of ob- 
taining the manuscripts at the time promised by the authors was 
another great obstacle. To this cause must be attributed the delay iu 
the publication of the Prodromus, the volumes having appeared more 
and more slowly in proportion as the number of writers was increased. 
The execution of this magnificent work has required fifty years, 
indeed sixty, if we go back to its origin. It has employed three geu- 
erations of the same family, which is an unusual circumstance in the 
history of science, and will forever associate the name of Candolle with 
the most remarkable scientific achievements of Geneva. 
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WARMING AND VENTILATION. 



By Authur MoRiN, 
Director of tlie Coneervatorg of Arte and Trad ;, Pant. 



[Translated for the Smithsouiaa lustitatioD by Clarence B. Young.] 

IConliauedfrom the Smitheoaian Beportfor 1873, p. 318.] 

APPLICATIONS. 

55. Ventilating by means of common fireplaces. — Fire-places, tUougli not 
ecouomical forms of heating-apparatus, produce a very pleasant temper- 
ature, and also serve as efficient means of changing the air of occupied 
apartments. 

Natural draught producedsimply by the difference between the temper- 
ature of the air within the chimney and that without, iu many cases, 
carries off as much as 14,000 cubic feet of air an hour, even when no 
fire is burning iu the lire-place. 

With a coal or wood fire of moderate intensity, the amoniit of air carried 
off may be as much as 42,000 cubic feet an hour, or 2,200 cubic feet to 
each pound of wood burned, and 3,200 cubic feet to each pouud of coal 
burned. 

But, with this advantage, common fire-places have the serious defect 
of drawing in, through tbe joints of doors and windows, currents of cold 
air, which run to the fire aud chill the backs of those sitting there, an 
ettect which is particularly unpleasant when the face is very much warmed 
by the fire. 

The various forms of apparatus in use, whicli are designed to warm 
the apartment, and, at the same time, draw in external air to increase 
the draft aud promote combastiou, usually have too small fiues, and heat 
the air to 176°, 212°, or more, which, Issuing horizontally at about tbe 
height of the occupants of the room, becomes at times unendurable 
Tbese forms of apparatus have besides the defect of obstructing the 
lower portion of the smoke-flue, and of reducing the volume of air cairied 
off. Fire-places made on Douglas Galton's system, with the dimensions 
given in § 13, do not have these objections, and are unexceptionable 
means of warming and ventilating during the winter. 

66. Use of chimneys for summer-ventilation bymeans of gas-jets. — Chim- 
neys may easily be made to serve as ventilators during the summer, or 
on special occasions, by placiug in them an iron or copper pipe furnished 
with several gas-burners. In the cbimuey of an ordinary apartment, 
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baviDg aa earthen-ware fine 11 inches square and 66 feet high, the ainouut 
of air drawn up the chimDey to each foot of gas burned will be greater 
the less gas is bnrned and the less the temperatcre in the due, following 
pretty nearly the following decreasing series: 



an honr. 


Amoniitof BirdrawnDp 
the ohimney every 
honrtoeachcubic foot 
ofgaBbDraed. 


CuMefmt. 

14 
SS 
35 
43 
49 


CMcfitt. 

1,900 
1,400 

700 

600 

500 

450 



Thetie approximate flgnres may serve to detertuine the number of 3^ 
feet burners that will be required to produce any desired rateof change of 
air in an apartment. 

When the chimney is much lower than that just mentioned, it will be 
necessary to correct the calculated volume of air in the proportion of 
Che square roots of the heights of the floes. 

The pipe which conveys the gas to the flue may be easily taken away 
when not in use, and closed by a blind socket. 

This mode of ventilation may be employed to advantage in drawing- 
rooms on reception-days, provided that registers be placed at conven- 
ient points for the introduction of moderately warm fresh air. 

During the summer, the system of ventilating by means of gas-jets 
will also allow the room to be maintained at a lower temperature than 
that of the external air, by drawing in the air from clean cellars to 
replace that carried oEll 

Example. — The directors' room at the Conservatory of Arts and Trades 
is ventilated in this way during the summer ; and, although the air from 
the basement is admitted through hut a single opening, entirely too small 
for the purpose, and the doors of the room are constantly being opened, 
yet the temperature is always 4° lower than the room of the subdirector, 
which has a precisely similar exposure, but is nnventilated, and it is 1° 
lower than the temperature of the external air in the shade. 

57. Auxiliary ventilating-Jtues. — For nnnsualty large gatherings, in 
addition to the chimneys, additional flaes may be cut in the thickness 
of the front or party walls, in which gas-jets may be used to produce a 
strong draught. This method has been tried with success in a house ia 
the Champs filys^es, Paris. 

mPANT-ASYLITMS. 

58. In these charitable institations, in addition to securing space and 
cleanliness, provision should also be made for obtaining an abundant 
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and regular sapply of fresh air, vitlioat depending npon tlie irr^olar 
opeoiiig of wiodows. 

lu this respect, all establiHhaieDts of this Itiod, even the model one at 
the Iiiteruational EsUtbition, fall far short. They ^re warmed by cast- 
iron sb)\es tbe imperfections of which were shown in §16. 
As an example of whit appears proper to he done in such cases, 
1 will describe the plan car- 
ried out in the new asylum 
ID the parish of iSaiiit Am- 
brose in Paris, tbe coustruc- 
tion of which vras intrusted 
to M Picq, the architect, 
(Fig 14.) 

This asylum isintended to 
receive fifty babies. There 
will also often be twenty- 
five mothers there at a time, while the attendants and patronesses present 
will usually add teu persons more. 

With these data, the maximum volume of air to be carried off and 
replaced by fresh may reach the following figures, (§ 40 :) 

Cabio ttet- 

For SO babies, {530 cubic feet each per hour) 26, 500 

25 visiting mothers, (1,060 cubic feet each per hour) 26, COO 

10 attendants, (1,060 cubic feet each per hour) 10,600 

Total amount of air to be changed every hour 63, 600 

or 18 cubic feet in a second. 

This amount greatly exceeds the actual requirement, because the regu- 
lations of the asylum forbid tbe presence of the mothers in the main 
hall. They are received and nurse their children in a special apartment. 

The main room is 61 feet long, 24 feet wide, and 15 feet high, 
having, therefore, a content of about 22,000 cubic feet. With the 
amount of air mentioned above, the complete change would take place 

in =2.8 times an hour, which is quite sufficient to Ueep the room 

in a healthful condition. 

The room is warmed by a hot-air heater, with vertical cast-iron tubes, 
having altogether about one hundred square feet of heating-surface, 
communicating with a cold-air duct, which will be described hereafter. 

It was intended that this heater should have two chamljers : the 
exterior one, for drying damp linen, carrying the vapor to the chimney; 
the interior one, opening into the room, for warming dry linen. On 
account of the expense, these chambers were not made. 

There might easily have been placed around the fire-chamber in this 
beater hot-water pipes connected with a receiver, in order to furnish a 
supply of water for domestic use. 

In summer, the receiver, which, indeed, might have been placed in 
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the chimney-flae, could liave been heated by a special fire. This nseful 
appendage was given np for the same reason as the other. 

The foal air is carried off through ten flues, a, a, a, (Fig. 11,) made in 
the thickness of the wal!s. The required velocity of the current being 
2.3 feet a second, (§ dO,) the clear sectional area of each flue has been 
18 feet 
10 X 2.3 " 

The size of the openings might then be 1 foot by 9 inches ; but, their 
area being reduced by a register which cuts off aboat one-third, they 
have been made 1 foot sqnare. 

These flues open into collecting-flues arranged noder the floor an each 
long side of the building ; each of these collectors being able to carry oS 
at a maximum 9 cubic feet a second, with a mean velocity of 3 feet a 
second, (§ 50.) They have at their mouths a sectional area of 2.7 square 
feet, being about 19 inches square ; but, at the first part, up to where 
the third down-flue outers, their areas have beeu reduced each to 1.6 
square feet, tbey being 1 foot by 20 inches. 

The transverse collectors, c, c, in which the air should have a velocity 
of 4 feet a second, (§ oO,) have each a sectional area of only 2 square 
feet in their transverse portion, being 1 foot four inches by 1 foot 
7 inches, and they are but 2 feet 7 inches by 1 foot 7 inches where 
they enter the chimney, while there they should carry off 18 cubic feet a 
second. 

The chimney, which should carry off 18 cubic feet a second at the 



feet, or be 1 foot 7 inches by 1 foot 7 inches. It really baa a sec- 
tional area of 5 square feet, which is larger than necessary. It contains 
the smoke-flue, and it has, near the bottom, a little grate 10 inches by 
10 inches, forming a heater, in which a little coal-flre may be made in 
mild weather iu order to keep up the circulation of air. 

The introduction of fresh air is made in accordance with the rules 
given iu §§ 61, 52. 

The fresh-air supply for the heater A is obtained by means of a pipe, 
B, carried from the garden and passing under the floor. At its outer 
end, this pipe is connected with a sort of chimney connected with a grat- 
ing to prevent the introductiou of foreign bodies. 

The air to maintain the draught of the hre is taken from tbc little 
room C. 

The warm air supplied by the heater passes to the upper room by 
pipes, ddd.eee, placed under the floor of the attic-room in the line of the 
building. The constrnction of the roof did not permit of using only a 
single pipe, which would have been sufficient. The cold air to be mixed 
with the warm air is taken in the upper room, where it is deflected 
toward the pipes by means of slats, so as to be delivered above the warm- 
air pipe ddd. 
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A shelf fasteoeft to each side-wall at half the height of the longitnd- 
ina! pipe eee secures the separate admissioQ of hot air tielow and cold 
air above. It is sufQcient that these shelves be 10 or 12 feet \ong, bat 
they shoald be made of earthen ware, Id order that they may oot be too 
tonch heated by the action of the air from the heater, which might pre- 
vent the entrance of the cold air. 

The two pipes for warm and fresh air are 12 inches by 20 inches. 
Foar openings, g,g,g,Ot placed in the ceiling in the center line of the room, 
admit the mixture of warm and fresh air with a velocity of abont 20 
inches a second, (§§ 51, 52,) and tn order to allow for the obstruction of 
the grating they are made 28 inches by 35 inches. Registers are placed 
at the lower part of the chimney to regulate the amount carried off, and 
they are also placed in the warm-air and fresh-air pipes so as to obtain 
the proper mixture. 

Such are the simple and inexpensive arrangements which serve to 
maintaia in this asylum a degree of healthfulnesa superior to that of 
other establishments of the kind. 

59. Beaults of experiment. — ^The plan just described was carried out, 
with a few modifications in details rendered necessary by local condi- 
tions and by work previously done. The asylum was opened January 
27, 186S, and experiments made there in the firat part of February, 
which gave the following results: 

Besults of experiments made in Saint Ambrose Infant-Asylum, — The 
inside work of this asylum was not finished till the latter part of Jaun- 
ary, and the hall was opened on Monday the 27th to the first children 
that were presented. After three or four days of heating to bring the 
interior to the proper temperature, the experiments were begnn on the 
31st January. 

In the first visit to the h^ll, it was noticed that the foul air was car- 
ried off very well by all the Openings, although the velocity appeared 
considerably greater at those nearest the chimney, as is natural. It 
would l>e easy to render the amounts carried off through the openings 
more uniform, if deemed necessary, by placing a register at each opening 
and regulating it once for all. 

The admission of fresh air is provided for by means of openings in 
the ceiling, and its velocity does not exceed 18 or 20 inches a second. It 
can be rendered entirely uniform by partially closing the openings far- 
thest from the heater, but this is not necessary. 

The amount of air admitted into the heater to be warmed may vary 
greatly according to the intensity of the fire, but, with the very moder- 
ate consumption of 57 pounds a day, it was found to be, on the 6th of Feb- 
ruary, 62,000 cubic feet; and on the 7th of February, 59,000 cubic feet, 
raised from the external temperatni'e 42<^, the usual mean temperatnre 
of the winter, to 88^, at which it was admitted into the room. The 
heater, on account of the large dimensions of its chambers, was more 
than sntficient alone to supply the room in winter with fresh air heated 
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to a comfortable degree. The additional fresh-air dncts would then be 
often found unnecessary, and might be closed. 

Tlie amount of air brought into the room through the openings in the 
ceiling was found tlie same day, February 7, to be equal to 00,000 cubic 
feet an hour, confirming tlie previous opinion. 

The amount of foul air carried off by the ventilating-chimney was as 
much as 65,000 cubic feet the same day and under the same circum- 
stances. The mean temperature iu the chimney was — 

February 6 8i^ 

That of the external air being 44o 



Thus, with this mean winter-temperature, that of 61° was maintained 
in the room, and, with an excess of 40° in the chimney over that of the 
air, almost 63,000 cubic feet of foul air was carried off, as has beeu 
stated. 

The consumption of fuel an hour was — 

Ponods, 

For heating 7 

For the ventilating-chimney 3 

10 

The babies being left in the morning and taken away by their mothers 

in the evening, it will be sufficient, in ordinary weather, if the flres be 

tept up at most eight hours a day. The daily consumption will then be 

on a meau 10x8=80 pounds a day. 

The fuel used is composed of 75 per cent, of coke and 25 per cent, of 
coal, and it will be estimating it above its value to charge it at $10 a 
tun. The expense of fuel during the winter would then be at most 

2.,ii j-=36 cents a day, or $36 for 100 days, to obtain a change of air at 

the rate of 63,000 cubic feet an hour. 

During the season when artificial heat isnot required, the ventilating-fire 

alone should be used, and will usually burn not more than about S^pounds 

of coal an hour, or 27 lbs. aday, for the period when the openingof windows 

200x27x10 
will not be sufficient, or diiring 200 days, ^^^^^^ - = $24. The total 

annual expense would then be at most $60 for an asylum which, though 
intended for but 50 children, might easily receive 100 in the large well- 
ventilated apartment, which has a content of 23,000 cubic feet, giving, 
in that case, 230 cubic feet for each child ; while iu the primarj' schools 
of Paris there is allowed, on an average, but about 155 cubic feet to each 
child of from 6 to 12 years of age. 

TJnder these conditions, the ventilation of 63,000 cubic feet for 100 
beds, or 230 feet a bed, an hour would be almost double what is neces- 
sary, and could easily be reduced to 42,000 cubic feet an hour. But even 
supposing that it be kept as it ia, the meau expense for each child would 
be at most 60 cents a year. GoOqIc 
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It should be added that, withoct arging the ventilatiDg-fire, it is easy, 
with the propoi-tioQS adopted, to iuurease the amouut of air removed to 
more than 88,000 cubin feet an honr. 

In couclueion, we see from these esperimeats that the dimensions 
adopted in this first application to infaQt^asylDms are much larger than 
necessary, and that the results intended have been more thau realized. 
It may then be considered certain that in making similar arrangements, 
even with smaller dimensions, all requirements for good and complete 
ventilation will be satisfied at an expense much less than that incurred 
in the asylum which the parish of Saint Ambrose owes to its venerable 
curate, M. Langeuieux. 

60. Proportione for an mylum of fifty cradles. — According to the 
results of the experiments which have just been mentioned, and the 
conditions of service imposed by the regulations, the arrangements 
adopted by the Saint Ambrose Asylum greatly exceeding the necessities 
of the case, the following data ma; be assumed for a similar asylum : 
Amount of air to be carried off aud replaced for 50 

cliiUlren, at 530 cubic feet each per hour 20, 500 cubic feet. 

For attendants and visitors - 8, 800 cubic feet. 

35, 300 cubic feet. 

Floor room, 16J feet to each cradle 812 square feet. 

Interior height 13 feet. 

Total cubical contents 10, 600 cubic feet 

Equivalent to 212 cubic feet to each cradle. 

The air of the i-oom should be changed -j—--^3J times an hour. 

The volume of air to be caiTied off and i-eplaced iu a second would he 
35300^3g ^. f J 
3tHH> 

From these data, following the preceding rules in the calculation of 
the dimensions of openings and flues, all the expenses of founding and 
carrying on the establishment will be kept within narrower limits thau 
those which have attended its first application. 

PRIMARY SCHOOLS. 

CI. The plans adopted should be designed to carry off and replace a 
volume of 400 to 500 cubic feet an hour for each child. 

The ventilating-openings should be placed in or against the vertical 
walls of the two long sides of the room. It is only in case of great cou- 
stmetive difBcnlties that they may be confined to a single side. There 
should be as many of them as possible, and they should have a clear 
cross- sectional area that will give to the air carried off a velocity of more 
than 28 inches a second. They should connect with descending flues 
leading in the cellar or under the floor to a collecting-pipe, which, iu 
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most cases, shoald be carried directly to the foot of the ventilatiug- 
shaft. 

The latter shonld be placed for its whole length beside the smoke-pipe 
of the beater, the boat from which will assist tbe draught. But this heat 
will Dot nsaally be auffieieDt to give proper activity to the draught even 
when the exterDal temperature is very low, and it will be necessary to 
keep up a little coal-flre at the bottom of the ventilating-shaft in a. grate 
detached from the walls. 

If local arrangements prevent making the fire at the bottom, it may 
be made at tbe floor-level or at the top, keeping the ventilating-open- 
iugs, however, in the vertical walls and near the floor. 

The fresh air, warm or cold, should be admitted near the ceiling, and 
preferably parallel to its surface. In the season for fires, the air sup- 
plied by tlie heater should be mixed with the external cold air. Tbe 
proportion of each may be regulated by means of registers easily con- 
trolled from the interior of the room, so that the mixture may have only 
the temperature of 85^ to 95° at most. 

The fresh-air openings shonld be arranged, if possible, along the 
whole length of tbe room, or at least be very numerous, and their sec- 
tion calculated so that the entering air should have a velocity of 10 
inches a second, if it is directed horizontally parallel to the ceiling, or 
20 inches, if it has a vertical direction. 

62. Example. School in the Rue des 
PetitsEStels, P«m, (Fig. 15.)— This 
school-building is intended for two 
perfectly distinct uses. The ground 
floor is used for the children's play- 
room. It is unnecessary to ventilate 
it, and a single stove is sufficient to 
warm it. 

The second floor is occupied bxthe 
primary school kept by the Ghristiau 
Brothers, and is divided into foui" 
rooms, intended for 400 children. 
The capacity of these rooms corre- 
sponds to a mean of 155 cubic feet for 
each child, which is about tbe pro- 
portion adopted by the city govern- 
ment, and seems to us totally insufh- 
eient ; 250 to 280 cubic feet for each 
child appears the proper amount, es- 
pecially as many schools for children 
are used in the evening as schools for 
adults. 
The third floor is devoted to a drawing-school under the charge of a 
private professor, and contains 270 desks, of which 200 are in the main 
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room, wbich, in tbe evening, is lighted by 90 gas-bnrners. The capac- 
ity of this room corresponds to 200 cubic feet to each person. 

Yeutilation iu the two rooms dnring the day is limited to 350 cable 
feet bo each person, which necessitates the renewal of 140,000 cable feet 
au hoar in the second story and 70,000 cubic feet an hour in the third 
st«ry. ' 

The rooms are warmed by two heat«rs found by direct experimeot to 
have a heatiug-capaoity equal to 81 per cent, of the beat generated by 
the fuel,* and having proportions corresponding to 4^ square feet of 
heatiog-surface for every 1,000 cubic feet of room-area, supposed to be 
ventilated by a complete change of air twice an hour. 

The warm air is carried to each floor by three vertical flues leading 
into a large and loug pipe extending throughout the wliole length of 
the rooms, which receives fresh air from without in order to regulate the 
temperature of the air admitted into the room. This air enters hori- 
zontally near the ceiling. 

The volume of warm air, at a temperature of from 140° to 150° ascend- 
ing in the flues before being mixed with cold air, was found to be, in 
the second story, 106,000 cubic feet an honr ; in the third story, 73,000 
cubic feet an hour; and this has been found sufficient to muintain in 
the rooms a temperature of from 60° to 70°, when that of the extei'ior 
air was 35° or 40°. 

According to the instructions given to the builder, the foul air should 
have been carried away from the secohd story by thirteen flues, the pro- 
portions of which had been determined by applying the rule adopted 
iu § 51, which fixes 28 inches a second as the velocity which the foul air 
should have in the first series of ventilating-fiues, as indicated iu the 
following table : 

SCHOOL-HOOUS. {SECOJTD FLOOR,) 



J 




Volnmea of »lr W b« oorricd off- 


IS 


Number of fines and prescribed dimen- 
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1 
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laaaeoond. 
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90 

no 


32, 000 cnbto feet 
ai, 000 cnhlo faet 
4B^OO0 oobtcfset 


9 cnhtc fbeC 
flcnblcfoeb 
HcnbkfMt. 


4 6qaar6ft 
3 Bqnnro ft. 

5 mioaru ft 

l« Bqnare ft 


(lof IfootT Dcbes>iiroot=!.6Hq. ft.) 
t 1 of 1 foot 1 nch X 1 foot=l.l eg. ft. i 
3oflfootlnoh .lfoot=l.lsq.ft... 

4 Elf 1 rJISt 5 iSohes ' 1 fi)0t=i;5 eq! ft : : 
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400 


141.000 cuhlc feet 
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ART-SCHOOL. (THIRD FLOOR.) 



* ADDales du CaDaecvatoire dea a 



tt m^tiera, 6' vol., p. ^5. 
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Note. — Tbe bailder actnally gave smaller sectional areas to the flues ; 
still tbe intended results bare been secured. 

Id tbe first series of collecting-flues Id each story, where the velocity 
is to be 39 inches a second, tbe sectional area should be — 

Square feet. 
For tbe second story, amount to be renewed in 1 second 

= 39 cubic feet, Bectional area 12 

For tbe third story, amount to be renewed iu 1 second 

= 20 cubic feet, sectional area 6 

In the two collecting-flues terminating at tbe bottom of the general 
ventilating- chimney, tbe required velocity being 1 feet a second, their 
total sectional area was fixed at — 

Sqnore feet, 

For tho second story 10 

For the third story 5 

15 
The latter flues carry the foul air to the bottom of tbe chimney, which 
is 56 feet high, and has a sectional area of 11 square feet^ Tbe two 
smoke-pipes being each 8 inches in diameter, or 2 feet in circumference, 
and having consequently 56x2=112 square feet of surface e:iposed to 
cooliug, were not able, even in ordinary weather, to sustain the draught 
of the chimney, and a small auxiliary fire was deemed necessary. To tbis 
was given a surface of about 100 square inches, which, when burning '6^ 
pounds of coal an hour, carried off, on an average, 140,000 cubic feet of 
air an hoar in the second story, and 70,000 iu the third story. If the 
dimensions of the veutilating-flues given to the builder had been followed 
instead of being reduced to 16 sqaare feet in the second story and 8 in 
the third, it is evident that the amonnt of air carried off would greatly 
exceed the prescribed amount, which shows that the rules which have 
been given allow for even serious defects in construction. 

The observations made in this building in regard to the results of 
warming and veutilation lead to this important conclusion, that with 
well-made heaters and a properly- arranged system of ventilation, school- 
rooms with 350 cubic feet of air to each pupil may be comfortably 
warmed and ventilated by the use of no more fuel than is required for 
the injurious heat obtained from tho cast-iron stoves used in most schools. 

ADULT-SCHOOLS. 

63. Similar plans should be adopted for adult-schools ; the only change 
to be made cousists iu increasing to 600 or 700 cubic feet the amouut of 
air to be carried off every hour for each person ; or, in other words, to 
increase the size of the foul and fresh air flues. 

NIGHT-SCTHOOLS OP DESIGN. 

64. These present a peculiar difficulty iu changing the air and mod- 
erating tbe temperature, in consequence of the large nuniher of lights 
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or gas-bamers which they contain, which often prodace a degree of 
heat in excess of that necessary to warm the room. 

The general rule, which requires that the fonl air shoold be drawn off 
near the door, cannot be exclnsively followed without causing currents 
of air heated from 85° to 95° to fall upon the students. It is, then, 
necessary to carry away the hot gases, the products of combustion, 
through the ceiling. Bot at the same time it is necessary to admit the 
fresb air, which in that case must be cool, at a certain height as far as 
possible from the floor. 

But if the same room should niso be occupied during the day as a, 
study or drawing-room, and if it were then ventilated according to the 
usual rule by drawing the foul air off near the floor, it would be well at 
night to maintain that ventilation in order to assist the circulation and 
the descent toward the floor of a part of the fresh air brought in, of 
which to make up for the heating-effect of the lights, there should be 
a much greater amount than during the day. 

Observations made in a school of design in Paris attended every 
evening by 200 to 240 scholars, and lighted by 90 gaajets, consuming 
together 320 to 350 oubic.feet of gas an hour, led for tiiis special ease to 
the following rules : 

1. During the day, regulate tbe amount of foul air drawn off at the 
floor-level to about 630 cubic feet for each adult scholar and admit the 
fresh air near tbe ceiling. 

2. For night-sessions, make escape-openings in tbe ceiling, the clear 
area of which should be calculated at about 8S square inches for every 
1,000 cubic feet capacity of the room. 

If there is no loft above the room in which tbe ventilating- pipes can 
be carried, special pipes may be placed at convenient points, removed 
as far as possible from those at which the fresh air is introdnced. These 
pipes should be supplied with convenient valves, in order that they 
may be closed during tbe day, and the amount of the bot gases removed 
at night regulated. 

3. Place in the two opposite walls of the room, or at least in one of 
them, at the height of 10, 13 feet, or higher, if possible, as many fresh- 
air openings as convenient, each supplied with a regulator to direct the 
air horizontally near the ceiling, the dimensions of these openings 
being calculated so that the volume of air admitted may be increased 
to six or eigbt'times tbe total cubical capacity of the room, with an eu- 
teriug velocity of but 2 or 3 feet a second. 

By means of these arrangements, drawing-schools may be made com- 
fortable at night, which at present are almost like furnaces, and in 
which it becomes necessary to open some of the windows even in winter, 
notwithstanding the discomfort which may be expetienced in conse- 
queuce by the scholars nearest to them. 

In tbe drawing-school just mentioned, tbe total amount of air carried 
off every hour was : ^ 

D„:,iP<.-jM,G00glc 
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Cubic feet. 

April 4, 1866 ; 367,600 

April 6, 1866 430,000 

Mean 398,800 

which correspoDdB to a total renewal almost eight times an hour. 

B; means of this active ventilation, the temperature in the room lias 
been maintained till 10 o'clock at night at 67° to 70° at 5 feet above the 
floor, and at 75° on an average at the ceiling, while, before tlie introduce 
tion of the means of ventilation mentioned above, it was, respectively, 
at the same heights, 80° and 9(P. 

6S. Plans to he adopted in schools already built. — It too often happens 
that uo plan has been provided in schools, and especially in night-schools, 
to produce even a partial change of air or to regulate the temperature, 
BO that a stay in them is as uuhealthfnl as it is unpleasant. There is, 
then, as we have said, no resource but to open the windows, and this is 
both nncomfortable and injurious to the scholars seated near them. 
These defects may, however, be removed, at least in part, in most cases 
by adopting the arrangements described in § 64 in the case of a drawing- 
school. 

In order to carry off the hot gases arising from the lights, and pre- 
vent them from affecting the scholars, ventilating-opeoings should be 
placed near the ceiling. A number of ventilating-Hues should be cut, 
the size of which may be calculated by the preceding rules; if possi- 
ble, making them so large that the air may be renewed four or five 
times an hour. If, however, it is only possible to make one flue, it 
should be connected by means of a horizontal pipe, with a series of ori- 
flces in one of the long sides of the room. At the bottom of this flue 
should be placed either a little grate or three or four gas-bnrners, each 
consuming about four cubic feet an hour, in order to keep up the draught 
when the external temperature is too high for natural ventilation to be 
effective. The nse of gas is In most cases of this kind more convenient 
than a coal-flre. 

Ou the side opposite to that by which the foal air is carried ofif, a num- 
ber of ventilators should he put in place of the upper panes of the win- 
dows, and arranged so as to be opened more or less as needed, in order 
to admit the fresh air as near as possible to the ceiling. By increasieg 
and suitably arranging these openings, the injurious effects from the 
entrance of cold air will be avoided. 

Arrangements of this kind have been recently adopted in the school 
at Saint Martin's Market, kept by the Cbristian Brothers, where there 
are about 100 scholars in the drawing-room every eveniug, light being 
furnished by a great many gas-burners. Simple wooden pipes carried 
up to the roof, and the employment of a few gas-burners, prove sufft- 
cieut to carry off the foul air and gas, and indirectly to draw in fresh air 

C.oo^lc 
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tbroDgh the ventilators placed on the opposite side to that by which the 
foul air is removed, 

These means are far from being perfect, but their employment in 
scbool-huildings already built is almost always easy and inexpensive. 

LTOBUMS AKD COIXBGBS. 

66. In these institutions, where it is of the greatest importance to 
secure the cbange and purity of the air so as to promote the physical 
development of the youth, it is well to provide for tliis renewal at the 
rate of 500 cubic feet of air an hour for every child under 12 or 14 years, 
and 900 cubic feet for every person 15 years old or older. 

The class and study rooms having to he warmed and ventilated con- 
stantly during the day, and the sleeping-rooins during the night, it is 
best to make use of such forms of heating and ventilating apparatus as 
include all tbe rooms of the same building. Those employing hot water 
should always be preferred, notwithstanding their greater first cost, be- 
cause that is largely compensated for by their regularity of operation, 
and also by their economy of fuel. 

Cast-iron stoves, too often used in these establisbtnents, are extremely 
injurious, not only because they heat too irregularly, and often to ex- 
cess, bat also because the iron, a porous metal, produces a noticeable and 
dangerous alteration of the air. 

67. Application made at the TouU>n Lyceum. — M. Laval, one of the 
most skillful of Freuch architects, and one who has for several years 
past been specially occupied with questions relating to the healthfulness 
of habitations, has made a very happy application of the principles just 
mcntione.d in the new lyceum at Toulon, which he designed. Some de- 
tails in regard to it will prove of interest, since they will serve both as 
an exemplification of the rules and as a model to be followed in similar 
circnmstances. 

lu this establishment, there is a i 
all the rooms, (Fig, 16.) This com- 
municates right and left, by means 
of passages, with the halls, studies, 
and class-rooms of the first and 
second divisions. At the rear, in i yT^I I 

a separate building, are placed I 1 I 1 1 n~n[~[ p[] 

the natural-history collections and 

the physical apparatus. Behind ,]_ 

this building is the hospital-court, . 1 _ y . .1-3 

around which are, on the ground-floor, the dining-rooms and the kitchen, 
and, on the second floor, the infirmary with its bed-rooms. 

The lyceum will accommodate 300 boarding-scholars, occupying during 
the day six study-rooms and at night ten bed-rooms. There are also 
twenty -two class-rooms, each intended for forty scholars on an average, 
which should be ventilated at the same time as the study-rooms. All 
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tbe class-rooms and stniilies on one side of the staircase have together 
a content of 42,000 cubic feet, which is to be ventilated by one 
apparatus; and the two sleeping-apartineDts placed above these 
Tooms have eacli a capacity of 37,000 cubic feet, or together 71,000 cubic 
feet. The chimney and the ventilating-apparatus, which will be de- 
scribed hereafter, then serve during the day to ventilate the recitation- 
rooms, containing 42,000 cubic feet of air, and during the night the bed- 
rooms, containing 74,000 cubic feet. 

The class-rooms and stady-rooms in each division are placed on the 
ground-floor of large bnildings, of which the second floor contains the 
corresponding bed-chambers. A fine staircase, placed near the middle 
of each wing, gives access to the rooms. Pig. 17 shows the general 
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arrangement of the ground-floor of one of the four similar buildings. 

The climate of Toulon is so mild that ao arrangements for beating 
had to be provided, but ventilation appeared still more necessary under 
the southern sou than almost anywhere else. 

M. Laval took as a basis for tbe calculations and the dimensions he 
adopted the renewal of a volume of air of 900 cubic feet an hoar to 
each person, which seems amply sufiQcient. 

The ventilating-flnes were made in the thiclsDess of the walls of the 
rooms on the ground-floor and tbe sleeping-rooms j their number as 
nrell as their areas were calculated by allowing a velocity of about 28 
inches a second to the air passing into them, {Pig. 18.) 




The general system adopted ia that of a descending draught, and the 
ventilation is confined during tbe day to the lower rooms and at night 
to the sleeping-rooms. 

The descending pipes, which receive the foul air at each side of the 
front rooms, unite under the floor in two central collecting-pipes, placed 
right and left of the staircase, each terminating in a ventilating-chimney, 
of which there is one on each side of the staircase. 

i,Googlc 
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Each story has its ventUathig-pipes and its special collecfiDg-pipeB, 

and the two collectors on oue 

side are placed one over tbe 

other, as seen on the plan of the 

basement, (Pig. 19.) As tbe 

ventilation of the tno stories 

alternates day and night, a valve 

placed in the chimney at the 

mouth of the collectors allows 

that for the sleepiug- rooms to 

be closed during the day, and 

that for tbe class-rooms at night. 

Acoke-stove, oply fllledeverytwelvehonrs, the draught of which can 

he regulated at will, is placed at the bottom of each chimney, to con- 

rol the ventilating-cnrrent. 

Such are the simple and inexpensive arrangements adopted for tbe 
four buildings containing the study-rooms, class-rooms, and dormito- 
ries. 

The building containing the dining-rooms and the infirmary is venti- 
lated in a similar way; but for them M. Laval has skillfully made use o1 
the waste heat from the cooliing- range, in which fire is kept most of the 
day. 

In the dining-rooms, the tables are arranged on tbe side opposite to 
an outer wall, pierced with many windows, which admit light and ait 
from the infirmary-court. The ventilating-openings are arranged iu the 
fiiee of tbe opposite wall in the spaoe between the tables. The vertical 
flues lead into collecting-pipes, which carry the foul air to the bottom oi 
the kitcben-cbimney ; and this is always warm enough to produce a 
suiBcieDtly powerful draught. 

For the infirmary, situated on tbe second floor, the arrangements are 
similar; and as the dining-rooms only need to be ventilated at certain 
hours, the heat of tbe kitchen-range and that of tbe fires used in pre- 
paring decoctions and poultices, not only serve without expense to carry 
ofi' the foul air, but also to bent the baths required in the establishment. 
Introduction of fresh air. — The mildness of the climate of Tojdou 
allowing, as has been said, artificial heat to be dispensed with, the in- 
troduction of fresh air does not present any difficulty, and no precaution 
is necessary, excei)t to prevent tbe draught from becomiug unpleasant. 
M. Laval has provided for that by placing ventilators in place of tbe 
upper panes in the window to throw the air toward the ceiling. A 
valve allows the amount of opening to be regulated when tbe force of 
the draught renders it necessary. 

In the sleeping-rooms, he has added convenient arrangements for the 
renewal of the air during the night; tbe opening of little doors placed 
under the window-ledge allowing tbe air to flow out at tbe floor-level 
and under the beds in order better to purify the room. 



;,Googlc 



WAKMING AKD VENTILATION. 287 

All these arrangements, cavefully planned in advance by M. Laval, 
and carried out as the building progressed, have cost but $6,000 for the 
complete parification of all the occupied parts of a school of three hun- 
dred scholars, which, estimating the interest on tbe cost aod the wear 
EtDd tear at 10 per cent., amounts to but $500 a year, or $1.67 a scholar. 

There can be no donbt that in such an establishment the health and 
the vigor of the youth, by reducing the number of sick days, would 
compensate largely, even in au economic consideration, for expendi- 
tures BO well made. 

It is, however, proper to remark that in winter the temperature may 
fall unusually low at Toulon, and that veutilatiou without heating may 
prove nnpleasant. It wonld be easy to complete the beginniug thus 
made by adding a few beaters. ^ 

WORKSHOPS. 

68. Dnring tbe day, it is usually sufficient to change the air two or 
three times an hour, according to tbe general rules giv^n in § 38 and 
foUowiug. 

If substances producing disagreeable or unhealthfnl odors are pre- 
pared or used, it will be advisable, if possible, to separate the sources 
of infection by partitioning off compartmeuts almost as tight as drying- 
chambers, and carrying off tbe emanations by a strong local draught, 
carrying them under the Soor and theuce into a main ventilating-chim- 
ney, (Fig. 20.) 
The fresh air bronght in near the ceiling, and which should be hot or 
cold, according to the season, de- 
scends in the rooms, and con- 
stantly renews that of the com- 
partment, which is drawn off 
without being able to spread 
into the room itself. 

If there are many places where 
tbe unheal tbful materials are 
nsed,and theyare scattered over 
almost the whole surface of the 
workshop, it would be advisable 
to place near each workman a ventilating-openiug, communicating with 
collecting-pipes terminating in a common ventilatiug-chimney. 

The amount of air carried off in this way should be greater the more 
dangerous the materials are to breathe. It is then necessary that the 
air of the shop be changed at least three or four times an hour, and in 
some cases, such as in match-factories and other unhealthful works, it 
should be done eight or ten times. 

In shops lighted by gas, and where every workman has a separate 
gas-burner, the products of combustion may often be readily removed 
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by placing above each barner a little iron or copper pipe, J inch in 
diameter, leading to the outside of the building. 

This simple and cheap method would suffice to render healthful a 
large number of workshops where UDfortnnate tailors, seamstresses, and 
others now live in an infected and unliealthful atmosphere. 

Since the combustion of gas prodnces a great amount of vapor, the 
pipes which carry off the gaseous products should be short and direct to 
avoid condensation. 

In addition to the disagreeable alteration of the condition of the air, 
there is often an excessive elevation of temperature in shops placed 
directly under the roof. We will mentiou further on the means for 
remedying this by the inexpensive plan of sprinkling the roof. 

69. Glue and aoapmanvfactories. — In thepreparationofthesematerials, 
and of many others of tbesamebind, there arise disagreeahleodors during 
the boiling-operations. Themost successful method adoptedinEngland* 
appears to be to cover the vat and to make two openings in the cover, 
one of which admits the air, while the other, connected with the main 
Tcutilating-chimney, or with the grate of the vat itself^ draws down 
the vapors and the air entering through the other hole, and carries 
them outside the building. 

When there are many vats near each other, their ventilating-pipes are 
usually connected with a single pipe leading to the chimney. 

If the odors to be carried off are merely unpleasant and not danger- 
ous, and are not produced in great quantity, it will be sufficient to 
make a sufficient number of openings in the ceiling, provided with short 
sheet-iron pipes to produce the draft, and to make suitable provision 
for the admission of fresh air. 

70. Manufactories of chloride of lime and similar substances giving off 
acid vapors. — The doors of the room iuto which the workmen have to 
enter are opened, and the rooms connected with a powerful ventilating- 
chimney: The workmen do not enter until all the vapors have beai 
carried off by the fresh air introduced. 

71. Matckfactories. — The mannt'acture of matches, which produces 
the mcst distressing complaints, and to which boards of health do not 
pay sufficient attention, requires special details, into which it will be 
well to enter. 

For this purpose, I quote from a very valuable report, made by ti. 
Freycinet, mining-engineer, the following description of the plans 
adopted with success in a large establishment lately erected at Hemix- 
eim near Antwerp, at which the builder, M. Geuis, a talented Belgian 
officer, has made a remarkable applicatioa of ventilation by a downcast 
draught. 

Five separate buildings, used for storage of raw materials, for cover- 
ing with sulphur, for preparing the phosphorus-tips, for dipping, for 
drying and boxing, and for shipping constitute the manufactory proper. 
• Extract from the report of M. Freycinet Sur la mlttbritd deifdbriquei. 
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These are all ventilated by ineaDs of a large central cbiniDey,'7 feet 
ID inside diameter and 118 feet higli, -which receives the hot air from the 
faroacea of tlie steam-boilers, and, when needed, additional heat from 
a separate flrfi. A long the outer face of the side-walls of each building 
extends a subterranean passage-way of masonry, (cc, Figs. 21, 22,) 2 
feet square, leading to the 
baseoftbechimney. Wher- 
ever the phosphorns is 
placed, an opening is made 
either in the walls or in the 
floor, communicating by a 
small pipe with the under, 
ground passage so as to 
carry off the injurious va- 
pors witbont allowing them 
to spread in the shop. 
Special arrangements differ according to the nature of the work. 
Thus, where the tips are prepared, a wide and shallow funnel is used, in 
^ which the drangbt is increased 

by the flames of the melting-flre. 
The shop for the dipping and 
drying operations, which are the 
most dangerous, is particularly 
well ventilated. Tbe general 
arrangement is shown in tbe 
two figures, (31, 22.) The build- 
ing is 66 feet by 49 feet. Along 
the two sides are placed the dry- 
in g-cbambers E E E, IS in num- 
ber, each being 6 feet .wide, 16 
feet deep, and 7 feet high to tbe 
spring of the ceiling-arch, and 9 
feet to the crow n. They are con- 
nected with tbe ventilating-tun- 
nel c e by a triple row of open- 
ings, 0, 0,0, 10 inchesbyo inches, 
at the floor-level, and receive 
tbe external air either by chimneys extending above the roof or by 
openings, 9 inches by 6 inches, placed at the bottom of the iron doors of 
the drying-rooms, and taking air from the main ball. Tbe doors arc 6 
feet high and nearly 3 feet wide. The drj ing-rooms are heated by three 
TOWS of 2-incb steam-pipes placed under the floor. Tbe chauncls in 
which these pipes are placed should receive cold air to be carried 
directly into the drying-chambers. Valves worked from tbe outside 
of the chambers control tbe admission and removal of air, which should 
enter with a temperature of about 140°, that of the chamb^rnot exceed- 
ing 95°. C.ooi^lc 
19 S 
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In ftont of each range of dryiog-cbambera tbere is a small railroad, 
exteadiog from the melting-room to the wareboase. An iroD car takes 
tb,e prepared composition, and carries it to tbe drying-chambers in suc- 
cession. Before each door or station, an orifice, o* o', made in the floor, 
exerts a powerful draught, which drawathe vapors luto the exterior lateral 
tannel. The dipping is qnicbly done, and the frames are immediately 
placed in tbe drying-chambers, the iron doors of which are carefully 
closed. 

The middle portion of the building is reserved for boxing. Under 
the tables are also placed ventilating-openings, o" o". The filled boxes 
arc finally put in the car and carried to the warehonse. 

The main passage-ways c c and c' c' enter separately into the base of 
the chimney, and are kept apart there by small vertical walls, in order 
to prevent contrary currents and to allow them to be regulated at will. 

By meana of these arrangements, all smell of phosphorus in the main 
factory is prevented, and tbe men who work there are no longer exposed 
to necrosis. By taking the additional precaution of having them fre- 
quently visited by physicians, and of maintaining proper rotation in 
the hands employed in the different shops, they will be completely freed 
from this terrible disease. 

MANOFACTOEIES. 

72. In some manufactories, it is essential for the quality of the pro- 
ducts that the internal temperature be not allowed to fall below a cer- 
tain limit; or, in other words, that the manufactory be heated even in 
spring and fall, and that the windows be kept closed. From this it fol- 
lows that tbe air, not being changed, becomes gradually saturated with 
vapors and cutaneous emanations, and becomes at last uuhealthful. 

The workmen being thus kept continually perspiring, although they 
take off part of their clothing, go out afterward into the cold air, and 
often contract serious affections of the respirato^ organs. 

The conditions of the manufacture may be secured at the same time 
with those of hygiene by a strong ventilation, which shall constantly 
furnish fresh air of the necessary degree of temperature and even of 
moisture while regularly carrying off the foul air. With this change of 
air, a temperature of 75° or 77° will be found comfortable, and the work- 
men no longer be continually perspiring in an atmosphere constantly 
becoming more impure. 

The rules to be observed are the same as those mentioned before, and 
a complete change three or four times an hour will usually be sufficient. 

Tbe escape-steam from the engines is in such cases usually employed 
for heating, and it may he so regulated as to give the desired tempera- 
ture to the &esh air, and the smoke-stack of the steam-engine will, with- 
out additional expense, maintain the draught required for carrying off the 
foul air. 

.^ _u._„ .I.-- — 1 — J...^. — 1.1 , — ii. — 'le.toosmal 
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(Iraaglitmaj be increased or entirely prodnced in it by heatingit by steam, 
or by placing a steam-jet in it as in a locomotive. 

73. Workshops in which dust more or less dangerous to breathe is pro- 
duced. — ^Id a large number of occupations, the division of tbe raw ma- 
terials produces dust, which may be fine or coarse, heavy or light, 
harmless or injurious, and which it is important to remove from the 
workman and carry out of the building. 

In most of these ciisea, ventilation, by means of a dranght produced by 
heat, wonld be insufficient, at least unless it weremadeextremely power- 
ful by an intense beat. It would he sufficient for light dust of very 
fluely-diyided materials, hut for heavier dust, such as that produced by 
grindstones, it becomes necessary to use mechanical apparatus to force, 
through suitably- arranged pipes, currents of air at a proper velocity, 
which trial alone can determine. 

In winter, when artificial heat may be required, as well as in snmmer, 
when it is nnnecessary, it is essential that the discbarge-openings should 
be placed as near as possible to the machines which produce the dust or 
emanations, and that the openings for admission of fresh air should, iit 
general, be far off, in order that the velocity should gradually increase 
from the point of admission to that of exit. 

But if tbe shop contain few workmen, if it is naturally sufficiently 
well aired, and if it is only required to carry off the dust as directly and 
quickly as possible, it would be better that the air be admitted under the 
cover which should completely surround the apparatus or the machine 
above the point where tbe dust is produced, while the draught is applied 
below tbe same point and the dust is carried directly out of the building. 

The preceding remarks apply especially to those shops in which but 
a few detached instruments are used. 

74. Cutlery-worJcs. — One of the most dangerous occupations is that of 
the cutler. When proper precautions are not taken, the dnst arising 
from tbe grindstones, which are used dry, enters into the respiratory 



These dangers are reduced and almost removed by tbe following ar- 
rangements : 

75. Orindstotiea used ttet, (Figs. 23, 24.) — The stones should be sur- 
rounded as completely as possible 
by a movable covering of wood or 
sheet-iron, which should have no 
opening in front but what is abso- 

Ilutely necessary for the work. 
In order to avoid the choking-up 
of the ventilating-pipes, it will be 
necessary to provide special dis- 
- _™„_— charge-pipes for the water, some- 

what as indicated in the figures, according as the stones are partly 
below or entirely above the floor, (^nt"iolc 
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The pa&sage intended for carrying off the dnst should be placed an- 
derneatb the stone, and beyond the point where the work is applied, 
regarding the direction of the mo- 
tion. It shonld have a breadth a 
little greater than that of the stone, 
and a depth of eight inches, at 
most, for the largest stones. A 
sliding door serves to close it when- 
ever dry daat is not produced. 
The water-discharge pipe should 
also have a valve, which may be 
closed when water is not used, and 
when it is desired to carry off the 
dust produced when the stone is 
trued. 
The separate air-tubes from each 
stone lead to a collecting-pipe 16 inches by 12 inches, to wUicb they are 
united by couplings. 

If there are only four or five stones in the works, a single collecting- 
pipe will be sufficient, and the blower should be placed at the end. Bat 
if there are eight or ten stones in one line, it will be better to place a 
second collector, 16 inclies by 12 inches, in the middle of the length of 
the first,' and perpendicular to its direction. The blowing-apparatus 
should be placed in the extremity of the second pipe. 

Finally, if there are two long parallel rows, with eight or ten stones 
in each, they should also be connected with the second collector, or with 
a third, 16 inches by 20 inches, comma nicating with the ventilator. 

In all these arrangements, movable valves should be placed at the 
junction of each of the pipes, to prevent the circulation of air in those 
which are not used at any time for carrying off the dast, since it Is not 
intended to ventilate at the same time all the stones of the same mill. 
The valves placed at the head of each pipe should also be closed when 
it is not being ventilated. 

But the greatest difficulty in rendering these places healthful, as in 
most other cases, arises from the carelessness of the workmen, and in 
the negligence of the foremen, who do not insist on the strict observance 
of the regulations. 

76. A^licatum. — At Cbateilerault's armory, the results obtained by 
Peugeot & Bros., of Valentigney, {Doubs,) in their hardware manufac- 
tory, were made use of, blowing-machines having been placed in two 
shops containing each — 

Main stones, 8 inches in diameter 2 

Grooviug-stones, 4 feet in diameter. 16 

13 

A fan-blower, 31 inches in diameter and 16 inches wide, parallel to the 

axis, and having a central opening 11 inches in diameter, making 900 
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to 1,000 revolutions a secoDd, and requiring at most 8 to 10 borae-power 
to run it, easily removes all the dust produced during the traiog of the 
two main stones and twelve of the grooving-stoncB, the other passages 
being closed. 

The axis of the fan-blower is placed in the line of the last collecting- 
pipe, and is closed on the side opposite that pipe; the air carrying the 
dust is expelled at the outer circumference, which is entirely free. 

Notwithstanding the success obtained in large works by the arrange- 
meuts mentioned above, it would be better in all cases to separate the 
workmen into small shops of two stones each, each fnmished with spe- 
cial ventilatiug-apparatus similar to that which we have described. 
Becent trials seem to show that ventilation obtained by forcing in air 
would iu this case prove very satisfactory. 

DEYIHG-OHAMBEES. 

T7. The genera! arrangements which should be adopted for drytng- 
chambers are in conformity with the rules previously given. The air 
should flow in at the top ; and, as in this case, it is always very hot, it 
enters of its own accord, but it is necessary that it should be introduced 
uniformly. The openings for the escape of the air saturated with moist- 
ure should be placedHear the floor and on the whole circumference of 
the room. It is sufficient to connect the ventilating-pipes with the base 
of the chimney of the beatinj-apparatns. 

The temperature which it is necessary to keep up in the drying- 
chambers depends upon the nature of the articles to be dried. For 
vegetable substances and flour, it need not exceed 105° or 110° ; for 
linen and cloth, 158°. 

The particnlar conditions in each application may lead to some modi- 
fications of the general rules. Linen-drying rooms present a case which 
it is well to specify. 

LINEN-DRYIKG CHAMBEBS. 

78. The arrangements for these useful accessories (Figs. 25, 26) to 
large bleaching-establiah menta have been carefully studied by Bouillon, 
Mnller & Co. The linen is carried to the wringing-machine, which re- 
moves from it a great part of the water which it contains after having 
been washed ; but it still retains about one-third of the total weight 
when it reaches the drying-room. When it is hung vertically, this water 
accumulates principally at the lower part, which therefore becomes hard 
to dry. Again, when the air enters through a single opening at the up- 
per part of the chamber, the interruption to the circulation of hot air 
caused by the linen which hangs in vertical hands and the force of the 
draught which tends to draw the air directly toward the veutilating-open- 
ings prevents the drying from proceeding uniformly, especially in large 
dry ing-houses. The observation of these irregular effects has led Bouil- 
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Ion, Muller & Co. to adopt, for tlieir latest linen-dr;iog chambers, the 
following airaagemeDts : 

The chambers of which a drying-room is composed (Figs. 25, 26) are 
very small, and are at most 10 t^et long, 1 feet wide, and 5 feet high, or 
200 cobic feet in area. 



If 



The floor is composed of two pieces of curved sheet-iroD, forming at 
the same time the top of the warmair cliamber of the beater below. 
These two pieces of sheet-iron leave an opening o between them, which 
extends the whole length of the drying-room, and through which the 
hot air is introduced, which, after having dried the bottom and dampest 
part, rises with the vapor it produces toward the ceiling, and descends 
again to the veutilating-openings, arranged near the floor along the 
whole length of the side-walls, tbe latter being made hollow and pro. 
vided with pipes leading to the chimney, which also contains the smoke- 
pipe, as shown in the fignres. 

The linen ia arranged outside of tbe drying-chamber on brass tnbes 
sliding on iron rods extending the whole length of the chamber. These 
rods and the tubes which they carry are placed at the middle of a nar- 
row door of the same height as the drying-chamber, which is only 
opened when the wet linen is put in, or the dry taken oat. 

Each chamber contains 8 rods. They receive, in two charges, 106 
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poands of damp linen, in wljich 36 pounds of water remain siter tbey 
have been wrong. , 

The evaporation of these 35 ponnds of water is effected in an hour 
by the consumption of about 11 pounds of coal. 

The temperature of the chamber is kept at 158<>, and the amount of 
air passing into the chamber varies from 35,000 to 42,000 cubic feet an 
hour. 

Four chambers, with tbeir 32 rotls, are attended to by one woman, 
who fills and empties them. 

According to the rules previously given, the 35 pounds of water 

evaporated, requiring 35 x 1170 = 40950 units of beat, aud the 11 

pounds of coal giving 150,000, the calorific effect of the apparatus is 

, ^ 40950 
equal to jggjjjjy = .26. 

The same result was also obtained from some experiments made for 
seven years at La Saltpetri^re, in which, with a consumption of 6,415 
pounds of coal, 18,940 pounds of water were evaporated, the calorific 
effect in these experiments was found to be .24. 

POWDEE-DEYIKG EOOMS. 

79. In the case of powdered materials spread out to a certain thick- 
ness, it is often necessary to use blowers which drive the air under a 
table, closed on all sides, the top of which la formed of wire-gauze, on 
which the substances to be dried are placed. 

Thus, in powder-mills, the air driven under the gauze has ordinarily 
a pressure measured by a column of water j^g or ^ inch high, and a tem- 
perature of 112° to 140°. The thickness of the layer of powder varies 
from ^ to 3 inches, according to its nature. The air is heated to the 
proper temperature by means of water or steam pipes. 

Although, in sucb cases, blowers are most frequently used, the same 
result may often be obtained by means of a well-regulated draught 
alone. At the powder-mill of Bt. Chamas, a drying-room, warmed by 
hot-water x^ipes placed ufider the table, and supplied with a chimney 
containing a hot-water vessel to produce a draught, has worked satis- 
factorily even in the case of blasting-powder containing 8 or 9 per cent. 
of water. 

BABEACES. 

80. The volume of air to be renewed every hour for each individual 
being given at 1,000 cubic feet during the day, and 1,400 to 1,800 dur- 
ing the night, the proportions and arrangements of the openings will be 
determined by the preceding rules. 

But it is principally, and it may be said solely, during the night that 
the ventilation of the barrack-rooms is necessary, since, during the day, 
the soldiers are almost always out of it. 

The beating of these rooms during the day is intended only to enable 

;, Google 
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those who return from daty, after getting wet, to dry their clothes and 
shoes ; for this purpose, ventilsting fire-places are preferable to sheet-iron 
stoves, because, in addition to the radiant heat they give oat, they have 
in this case the advantage of carrying off the vapor arising from the 
damp clothing, which would make the room unhealthy and disagreeable. 
The fire never needs to be kept up long, and it cannot be counted npon 
to produce a constiint change of air. 

If natural ventilation alone be employed, it is necessary, according to 
observations made at the Bonaparte barracks in Paris, that the open- 
ings for the admission and discharge should be proportioned as follows : 

Area of openings and flues to each bed in summer : discbarge, 31 
square inches ; admission, 62 square inches. 

In winter, spring, and autumn, these proportions would be excessive, 
and means should be provided for closing part of the openings, so as to 
confine the circulation of air within proper limits. But the regulation 
of the registers or valves should not be left to the discretion of the 
soldiers, 

The necessity of preventing the soldiers, in their ignorance, from stop- 
ping up the escape-openings requires that in this case the rule should 
be violated which prescribes that these should be placed near the beds 
and the floor, as it will be necessary to place them near the ceiling, as 
well as those for the admission of fresh air. 

[f he first shonld open above the space between the beds, and the flues 
should be placed near the smok^-flue or should receive the stove-pipe 
when stoves are used. The second, intended for the introduction of 
fresh air, are also placed near the ceiling, and made in the face of the 
opposite wall. 

This arrangement presents the advantage that if, as often happens in 
ventilation due simply to the action of natural temperatures, the direc- 
tion of motion changes so that the escape-pipe becomes that of admis- 
sion, no discomfort is experienced by the men, who in both cases are 
removed as far as possible from the openings. 

These precautions will be completed by placing horizontal or inclined 
shelves under the openings, which will force the air always to remain 
nearly or quite horizontal in entering or passing out. 

There is no reason to fear that the air flowing in will immediately rush 
to the escape-openings before circulating through the rooms; the differ- 
ence of internal and external temperature will always enable the circu- 
lation to be maintained. 

81. UtUizaiion of the lost Iieat of cooking-stoves. — In most barracks, the 
cooking-arrangements of the companies which occupy that part of the 
building reached by one staircase, and often also all those used for a 
whole wing, are collected in a single room on the ground-floor, devoted 
to this purpose. There, separate stoves are used, in cooking, for each 
company, squadron, or battery. Beside these stoves, strongly heated 
twice a day, or even in their chimneys, it would be very easy and inex- 
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pensive to place bot-water receivers ia the form of a dmm, or of pipes 
sacb as are often ased ia heaters, iiito wMcb bot-water pipes ghonld be 
tapped, and then carried vert;ically in the fool-air floe leading from the 
rooms, thos secariog a change of air at all times and without expense. 
In this way, also, baths might be supplied, which wonld be of great 
service for soldiers' hospitals. Yentilatioa being, as has been said, much 
more important at night, when all the men of one mess are together, 
than during the day, when most of them are out of doors, the registers 
—the regulation of which should only be made by the order and nnder 
the directiooof the adjutant of the week — will serve to check or prevent 
escape of air during the day, so as to accumulate heat in the flues for 
the night. 

HOSPITALS. 

82. Geiteral plans and dimensions to be adopted for the yenlUation of 
hospitals, — It is only proposed in what follows to give the propor- 
tions of the principal parts of tbe flues and pipes which it is necessary 
to ase tOr tbe ventilation of hospital-wards, in order to secure the re- 
moval of vitiated air and the introduction of fresh air. 

These proportions apply also to the different plans which local condi- 
tions may cause tbe architect to adopt. 

The amount of air to be renewed in the sick-rooms may vary, accord- 
ing to circumstances, from 2,000 to more than 3,500 cubic feet au hour 
for each bed ; 2,800 will here be taken as a basis for the calculations. 

When'local conditions permit, the foul air should be drawn off through 
descending passages ; openings into them being made bebind the head 
of tbe beds, at the floor-level, but in the vertical walls, to be in number 
at least equal to oue for every two beds in ordinary hospitals, and one 
to each bed in lying-in hospitals. 

When a hot-water heating-apparatus is used, and when the plans 
adopted as well as the proximity of chimneys permit, the waste .heat 
from tbe small beaters and hot-water tanks used in the hospital should 
be made use of to assist the draught. 

But it is not necessary that the use of these little reservoirs, which 
have but a small capacity, should lead to tbe exclusive adoption of the 
up-cast draught, as L. Duvoir has done, and which is less advantageous. 

83. Advantages of the down-caJft draught. — It will be remembered that 
the arrangements required by tbe downcast draught lessen very much 
tbe weakening of the walls by tbe passage of ventilatiug-ilues. 

Thus, for a building with rooms on three floors, as in the case of Lari- 
hoisifere Hospital, the piers of the third story are not pierced for any 
flue, because their own commences at the floor; those of the second 
story are only pierced by a single ilue coming from tbe third floor; and 
those of the gronnd-floor only contain the two flues belonging to the 
second and third stories. 

The thickness of the walls being greater at the lower stories, the flues 
wonld always be proportionally less injurious with descending draughts 
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than with ascending draughts, the tatter requiring the largest number 
of flues to be made in the npper stories, where the walls are thionest. 
Figs. 27, 28, vfaich represent only tbe general features, show tbe ad- 




vantages presented by down-cast draughts over up-cast draughts as re- 
gards tbe weakening of the walls by the ventilating-flues. The down- 
draught, besides, as we have said, renders it easy, in order to give due 
force to the draught, to make use of the entire height of tbe main ventilat- 
ing-chimney, to the bottom of which the flues are connected. It forms 
a very economical means of utilizing the heat expended in producing it. 
For a building of a construction similar to that of Lariboist^re Hospi- 
tal, where the piers at the ground-floor have a mean width of 10 feet 
and a thickness of 2 feet 7 inches, or 26 square feet of sectional area, if 
the two flues are carried from the second and third stories to the base- 
ment, they require, at most, in the walls — including the partition between 
them and even the interior brick lining — a space 2xl'-fl"=2'l" broad, 
and 9"+2"^ll" deep, or a total sectional area of 1.9 square feet; that 
is to say, oue-fourteenth of the total sectional area of the pier, which could 
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not have any effect ou the stability of a well-coDStructed baildiog with 
a good foundation. 

On the contrary, if the ventitating-flues be carried upward, the piern 
of the third floor, which are only 10 feet by 2 feet=20 square feet in sec- 
tional area, would be pierced by three flues, making a channel 3x l'-t-3" 
=3' 3" broad, by 11" deep, or 2' 9" sectional area, equal to one-seventh 
that of the masonry. This would not be admissible. 

In cases where the flues for the introduction of fresh air liave also to 
he provided for in tbe piers, though this can sometimes be avoided in 
hospitals tbe wards of which contain only twelve or fourteen beds, it 
will be seen, then, that the enfeebling of the walls by the passage of all 
the floes will not endanger tbe solidity of properly-built walls. 

Si. Caaea where the walU have notsu;fficient thickaess. — When the nature 
of the materials used or local circumstances do not permit of giving the 
walls sufBcient thickness to allow of cntting flnes in them with safety, 
ventilating-shafts may be made projecting from the walls in the interior 
of the rooms, making them of light brick work. Then, to diminish as 
little as possible the available breadth of these rooms, and to prevent 
hurting their appearance, the depth of these flues should be restricted 
by making them occupy almost the entire breadth of the piers. 

85. Arrangement of the ventilating shafts. — The necessary arrangements 
should be made to prevent ventilating shafts or flues from being crossed 
by the beams or joists of the floor, which con easily be avoided by the 
use of trimmers. 

. If there are no cellars under tbe buildings, which is not indispensable, 
sufficiently lai^e vaults should be made to give the necessary area of 
passage-ways, and these should be covered on top, as well as the floor of 
the first story, with a coating of tar-concrete, to protect it from moisture. 
If any difficulty beenconntered in carrying the ventilating-fiues below the 
floor of the first story, they may stop at this floor. It is only in excep- 
tional cases, or in buildings already constructed presenting peculiar ob- 
stacles, that the flnes should be carried from below upward in the upper 
floors or in the roof. 

In every case, the discharge-flues corresponding to beds placed on dif- 
ferent floors one above another, should be kept separate in their verti- 
cal course and not united in groups in partial horizontal conductors, unless 
separated by partitions for an extent of 10 or 12 feet beyond the outlet 
of those which are the nearest to the main ventilating-chimney, in order 
to prevent as far as possible the establishment of communications from 
one story to another. 

86. Dimensions of venlilaling-^ftues and colleotiagpipes. — ^The sectional 
area to be given to the first ventilating-passages should be calculated on 
the basis of the renewal of 2,800 cubic feet of air an hour, or — -— = .78 



cubic foot a second for each bed, and at a mean velocity of 2.3 feet a 
second, which would give ^ = .31 square foot, or 19 square inches of 
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sectional area for eacli bed ; and as it is admitted that in common hos- 
pitals it will be sufBcient to have one flae to every twa beds, it will be 
necessary to have 9S square inches sectional area, or to make the flues, 
say, 9 inches deep by 11 inches broad. 

For lying-in hospitals the volume of air to be renewed being 3,500 
cubic feet an hoar to each bed, or 98 cubic feet a second, the sectional 
area of the dues should be .43 square foot, or 62 square inches. 

In the first collecting-pipes, which unite the flues by groups, a mean 
velocity of from 3 to 4 feet a second is allowed, and the sectional area 
may be calculated on this basis and according to the number of beds 
which it is necessary to ventilate. 

The second collecting-pipes, if any are formed to receive the vitiated 
air from the preceding, should be proportioned by supposing a mean 
velocity of from 4^ to fl feet a second. 

S7. VentilatingcJiimTieif. — Finally, in the main ventilating-chimney, it 
is granted that the mean velocity should be about 6 feet a second, and 
that in the upper part it should be at least 6J feet a second, in order 
not to be checked by gales. 

At the Ijottom of the chimney there should be an iron grate, sur- 
rounded by a brick rim, completely isolated from the walls, in order that 
the air coming in from the collecting-pipes may partly circulate aronnd 
it, and only become warmed to a moderate though sufBciently high tem- 
perature. 

In every case, there should be arranged a direct passage opening to 
the outside at the base of the chimney, through which the fireman may 
feed the fire. 

If obliged to perform the work in the foul-air gallery, he would run 
the risk of being suffocated, or at least of experiencing much discomfort. 

The mean interior temperature of the chimney should in all cases ex- 
ceed that of the external air by a constant difference of 36° to 45°, in 
order to give to the draught the same force at all times. The ventilat- 
ing-flre should be much more energetic in summer than in winter. 

Similar methods proportioned upon the same data should he adopted 
in cases where the arrangement of the different wards leads to the use 
of a single ventilating-chimney for a large number of buildings. 

Means for niaintaiulug the regularity of the flre will be given further 
on. 

88. Vases where the foul air may be drawn off at (he floor-level. — When- 
the general plan adopted for the building includes a veranda on one side, 
the foul air may be drawn off at each story, to avoid the necessity of 
making vertical flues in the walls, by placing the ventilating-chimney 
at some point in the veranda, and carrying the ventilating-pipes into it, 
placing them between the floor-beams. {Fig. 29.) 

A similar arrangement will render it easy to improve the ventilation 
by using a part of the heat from the kitchen and bath boilers, the hos- 
pital-stoves, smoke-flues, kitchen-ranges, &g. 
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In sucb a case, each ward would have a maia ventilatiog-chimney 
carrying off the foul air from each story in flues separated from each 
other as far as to the top of the upper 
story. At the hottom of each of the col- 
lecting-flaes maybe kept a little auxil- 
iary heater, to be used only when neces- 
sary in order to obtain a sufBcieotly 
powerful draught. 

It should also he understood that in 
every case the interior surface of the 
flues should he covered with as smooth 
a coating as possible, to diminish tbe 
resistance to the motion of the air, and 
that the openings should be arranged so 
as to permit of cleaning the flues at least 
twice a year, in order to remove the cob- 
webs and other obstacles which would 
interfere with the circulation of air. 

In general, it would be well to place on 
top of tbe ventilating-chimney a cowl, 
which the wind would beep with its 
month away from the wind, so- that 
strong winds would assist the draught, 
instead of checking it, as they would do 
without this precaution. 

Tbe proportions and the general ar- 
rangements Vbicb have been indicated 
should also be observed when it becomes 
necessary to draw off the fonl air either 
at tbe level of the floors, as just men- 
tioned, or at tbe top of the buildings, as 
will otten occur, especially in tbe case 
of existing buildings. 

Whenever local conditions permit, the smoke-flues of the beating-ap- 
paratus should be carried up in the main ventilating-chimney, in order 
to use the heat they give out. Tbey should be made of cast iron and 
kept separate. 

89. Utilization of the wa^te Jieat of laundries and kitchens. — The ftimaces 
of the laundry-boilers should, if possible, be placed at tbe base of the 
ventilating-chimney, in order to assist the ventilation by means of tbe 
heat given out in tbe furnaces by tbe gaseous products of combustion. 

90. Application of the preceding rules. — Let us take the case of a hospital 
of 100 beds, containing two wards, with but one ventilating-chimney, hav- 
ing two stories, containing together 50 beds in each ward there being 
four balls with 12 beds, and two rooms with one bed each. 

Under these conditions, each ball will contain six beds on each side, 
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and there will be three veotilatiiig-flues, 100 square inches in sectional 
area, or 8^x12 inches. 

The vertical flues should be carried ander the floor of the gronnd- 
story, and joined to tho first horizontal collectors intended to furnish 
passage to the air brought by the first, and each should carry off 12 x .78= 
9.36 cubic feet a second with a velocity of 3.28 a second. They sbonid 
then have a section 0^7^^=2.86 square feet, or be 1 foot 8 inches 
square, for example. 

One of these flues, which would also ventilate the two single-bed bed- 
rooms, or 11 X, 78=10.92 cubic feet, should have a sectional area of 
10.92 _ 

If these pipes do not lead directly to the foot of the chimney, and if 
the general arrangements adopted render it necessary to carry the first 
collecting-pipes into a second collector, the volume of air which the lat- 
ter will be obliged to pass will be 50x.78=39 cubic feet, with avelocity 
of 4.6 feet a second. Its transverse section will then be equal to j-^= 
8,50 square feet, and it may have the dimensions 2 feet 10 inches by 2 
feet 10 inches. 

If the main ventilating-chimney shonld have to carry off the foul air 
of both wards, or that from 100 beds = 280,000 cubic feet an hour, or 78 
cubic feet a second, with a mean velocity of 6 feet a second, its internal 

sectional area should be—-, =13 square feet, and its mean internal diam- 
eter! feet. At the upper part, this diameter should be reduced to 3 feet 
10 inches to make the velociiy there 6J feet a second. 

91. Introduction of frenh air. — The openings for the iutro<luction of 
warm or cold air should always be placed near the ceiling, and distrib- 
uted as nniformly as possible throughout the whole.extent of the balls 
in the proportion of one to every two beds if possible, or at least one to 
every four beds, 

When they are made in the walls, they should be furnished irith regis- 
ters in the form of slats inclined 20° or 25° to the horizon in order to 
force the air in that direction toward the ceiling. 

The transveree section of the vertical or other flues shonld be calcu- 
lated so that the air will traverse them with a velocity not exceeding 3 
or 4 feet a second. That of those through which the air flows immedi- 
ately into the room should be determined by the condition that; the 
entering velocity should not exceed 3 or 4 feet a second. 

In the case where tho air flows from above vertically downward, 
through openings in the ceiling itself, which may take place where 
double floors are used or where a loft serves as an air-chamber, the sum 
of the clear sectional area of the passages shonltl be calculated on tbe 
condition that the velocity should not exceed 18 inches or 2 feet a 
second. 
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Wheo ordinary heaters are used for heatiug, the warm air which 
they supply sboald be iutrodaced before its admissioa into the halls 
into a mixing-chamber, where a snfScient qaaotity of external air is 
also admitted, ia order to moderate as required the temperature of the 
air supplied to the rooms. 

To secure the proper mixture of external air with the warm air itom 
the beatiog-apparatus, it will be necessary to keep the fresh air above 
the current of warm air by meaos of more or iKss wide partitioDS. It 
will then happen that, as the first or denser stratum tends to fall while 
the second or lighter stratum rises, the mingling will necessarily take 
place. This applies ^ well to separate and direct openings for the ad- 
mission of warm and tcesh air in balls as to those for tbe admission of 
air into the mixing-chambers. Tbe partitions should be made of brick 
laid fiat, and be at least two inches thick. 

During the period of fires, the temperature of tbe inflowing air should, 
for healthful ventilation, differ as little as possible from tbat intended 
to be kept up in the halls, wblcb sbonld be uniformly about 60°. 

The mixing-cb ambers should be formed either in the fioor above tbe 
tbe heaters or in the corridors or small rooms. 

ICegisters should be placed iu the mixing-chambers, to permit tbe 
t«mperatare of the air supplied by them to be regulated at will. 

Similar arrangements sbonld be made when hot-water or steam heat- 
ing-apparatus is used. 

If the hospital stands by itself and is in a healthfal location, tbe 
external-air supply may be taken eitber at tbe ground-level from tbe 
middle of a lawn or fiower-bed, as at Yincennes and the lying-in hospital 
at St. Petersburg, or at the level of each floor. 

Descending currents will not be required to carry the air from a cer- 
tain height, except in cases where the proximity of more or less un- 
healthful buildings would lead to the fear of infection in the air at the 
ground-level. 

In tbat ease, tbe chimney for bringing in air should be placed as far 
as possible from that for carrying it off. The sectional area of the 
former, and in general tbat of all external openings for the admission 
of air, sbonld be calculated so that the velocity of admission sbonld 
not exceed -2 feet a second, in order that the draught produced in the 
vicinity of the openings may only extend a small distance. 

The openings for the admission of air entering at a considerable height 
sbonld be provided with valves or doors, which may. close them if re- 
quired. 

In snmmcr, when the action of the draught in drawing in fresh air is 
not assisted by the increase of temperatore which the heating-apparatus 
gives to the fresh air in winter, there should be made in the walls, espe- 
cially on the faces exposed to the north or the east, auxiliary openings 
similar to those previously mentioned, and capable of being opened or 
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closed at will by means of internal valves furnished with self-closing 
springs. 

As the air thas introdnced may be too cool at night, it is necessary 
that it should be directed from the lower part of the room toward the 
ceiling, and that its velocity at entrance should be about 2 feet a second, 
in order tbat it may be rapidly diminishetl before it arrives at the 
escape-openings. 

The regulating-apparatus connected with the registers should be so 
arranged as to bo exclusively under the control of those iu charge of 
this service. 

When any arrangement for ventilation on the exhaust-system has 
been carried out, it may easily be determined by direct experiments 
easily made in tbe main ventilating-ehimney, or, if desired, in the sepa- 
rate dues, whether the prescribed amount of air is really drawn off, 
and what is the corresponding excess of temperature in tbe chimney 
over that of the external air; and if with this excess, which usually 
will not vary, as has been previously stated, much from 35° to 45°, the 
ventilation be found sufficient, it will then only be necessary to regulate 
the heat in the chimney so that its temperature will always exceed by 
tbe same amount that of the external au:, 

92. Arrangements for veatilation in summer. — When the main halls of 
the hospital are warmed at the same time by general heaters and by 
fire-places — of which latter the ventilating fire-places described in § 13 
should be preferred, as they at tbe same time carry off foul air and 
introduce a considerable amount of fresh air properly warmed— open- 
ings for the admission of fresh air should be made in addition to those 
of the ventilating-chimney, and arranged, as has been described, for 
sum mer - ven tilation . 

Stairways, waiting-rooms, and other places giving access to tbe halls 
should be heated to a temperature which, especially for tbe latter, 
should be at least equal to that of the halls. In this way, their effect in 
producing draughts of air will be diminished. It would be well, then, 
to pot up beaters in these places even when fire-places are used in the 
main rooms. 

03. Use of the heat given out i&y tAe lights. — In hospitals lighted by gas, 
it will be well to assist the draught by means of the heat given out by 
the burners, which plan will have the double advantage of rendering the 
ventilation more energetic, and of removing the unhealthful products 
of combustion. This should especially be applied in the case of water- 
closets, which should have double doors opening from without inward 
in the direction of the dranght. 

The liitchens and tbe privies of hospitals should be removed from the 
hospital proper, and ventilated by a powerful current similar to those 
which will be described hereafter for such places. 

94. Dispositions to be made in ease of crowding or epidemics. — When the 
draught is produced by a circulation of warm water or steam, the energy 
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of which cannot he increased much beyond its normal rate, it will be 
advisable to place gas-burners in the main ventilating-cbimney, to be 
lighted only when a temporary overcrowding or the fear of epidemics 
renders their use necessary. 

The number of burners and their consumption of gas will bo calcu- 
lated on the approsimute basis of 500 cubic feet of air removed to each 
cubic feet of gas burned. 

This auxiliary means is not economical, and should only be employed 
in cxceptioual ciicnmstances. 



95. Asylnms, designed for the old, insane, or infirm, do not require, 
for salubrity, as much ventilation as hospitals. 

A renewal of air at the rate of 1,000 cubic feet of air an hour for 
each individual during the day and 1,400 cubic feet at night will be 
sufficient. It will then only be necessary to adopt the plans and the 
dimensions which have been given in detail for hospitals. 

For heating during the winter, if the rooms are not very large, venti- 
lating fire-places should be used, which will also secure the renewal of 
air. But for spring, summer, and autumn, it will be necessary to have 
recourse, for the removal of foul air, to the nse of a ventilating-cbimney 
and the arrangements before mentioned. 

CHtTECHES. 

96. The great size of churches, the constant opening of their doors, 
the extent of glazed windows — always imperfectly closed — the openings 
in the vaults for the suspension of lamps or draperies and for the pass- 
age of bell-ropes, seem in general to render unnecessary the adoption 
of special arrangements for the admission and the removal of air, and 
reduce for the winter the question to that of warming. 

For the churches of large cities, frequented at many hours of the day, 
it seems economical to keep up an active fire, constautly, day and night. 
£ither hot-air heaters, with chambers for tlie admission of cold air, or 
hot-water heaters, may be used. The first suit more particularly the 
small churches, where a single heater, placed about the middle of the 
building, will suBice. The second, which carry heat to great distances, 
and give, besides, a more equable temperature, should be preferred for 
large churches. They have, in addition, the advantage of being readily 
adapted to ventilate certain attached places, such as catechisiug-rooms, 
where the air is constautly vitiated by the presence of many children. 

What is most necessary to warm in churches is the door itself. For 
this purpose it would be well to make the hot-water pipes branch out 
Duder many parts of the floor, and limit the number of fresh air openings. 
This arrangement is similar to that of whicU traces are found in Roman 
constructions. 
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The air to be warmed by the heaters 13 taken from outside. A snffi- 
cient number of pipes in the aisles aod passages admit the air tliroogb 
numerous openings placed in the vertical faces of tbe walls, or in the 
bases of the columns, a little above the floor, and not at the floor-level, 
as is often wrongly done. 

During the summer season, the interior of chnrchos, strongly heated 
dnriug the day by the action of the sun on the roof and through the 
large windows, is often nncoinfortable to stay in, especially in the morn- 
ing. It would be easy to avoid this trouble by arranging a number of 
windows to be opened at night, in order to admit the fresh air, and 
to be shut in the morning. Tlie interior, thus cooled during the night, 
would be less warmed during tbe day. 

These precautions, much neglected in Franco, where the heat of sum- 
mer seldom proves unpleasant, are regularly carried out in Bome, where 
it lasts a long time, A rule of the custodians of St. Peter's requires 
that the windows of the upper galleries be opened every evening in 
summer and closed every morning. 

What precedes only applies to ordinary churches ; but in the case of 
chapels or subterranean churches, the interior height of which is very 
limited and which are often occupied by a targe number of worshippers 
and fully lighted up, it becomes necessary to secure the renewal of air 
and the removal of the hot guses arising from the lights. Tbe plans 
proposed in § 64 for night drawing-schools should then be adopted, 
producing a renewal of air at least five or six times an hour. 

In churches where great ceremonies require the use of large canopies, 
preventing the circulation of the air, and in which a great number of 
candles occasion often an extraordinary elevation of temperature,* it is 
very important that the conatroction should allow of forming, in the 
upper or lateral portion, as many openings as possible in order to allow 
tbe csternal air to flow in with a velocity which will be less the greater 
the number of tliese openings and the more uniformly they are distrib- 
uted. In this way will be avoided the at times unendurable currents of 
air produced by the doors and the elevation of temperature. 

In winter, at the time of thaws after great cold, especially in the 
north, there is produced on the walls, and still more on the ceiling, a 
condensation of vapor, wliich often produces a sort of rain that affects 
the paintings. In such cases, it would be well to carry the warm air 
supplied by tbe beaters at about from 140° to 175° directly to tbe up- 
per part of these edifices at the springing of the arches, in order to 
keep the vapor arising from the people in the lower portions of the 
church from condensing. 

KAILEOAD-STATIONS. 

97. As an example of cases where it is proper to act contrary to the 
general rules given before, we will specify the methods to be adopted for 
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railroad -stations, for markets, aodfor large buildings sucb as tbose for 
exhibitions. 

These immense buildings, covered in most cases with glass roofs, 
which often leave only a very small space for the escape of the smoke and 
steam ot the locomotives and of the hot air in summer, sometimes be- 
come uoeudurable for the employes. One end of the bailding is almost 
entirely shnt in by the gable-wall containing the main entrance; the 
other usually has an opening only high euough for the passage of the 
locomotive; the sides occupied on the ground-level by waiting-rooms, &c., 
and on the second and third fioors by offices, do uot allow the air to 
have access to the building, and in the hot season the temperature rises 
near the ground level to 104'^, 113° and even 1220, as has been observed 
at the stations of the Lyons, Eastern, and Strasburg railroads. 

In order to remedy this state of things, it is necessary to raise the sky- 
lights on the roof, not only because they are too low, but because in 
winter they cool the smoke and partially condense the escape-steam of 
the engine, and thus interfere with its removal. 

Instead of placing the sky-lights at the ridge of the roof, it would 
seem better to place them near the eaves, making them, as at present, 
equal to onc-fourLh or one-third the total surface. 

The ventilating-opening should be formed by two vertical walls of 
sheet-iron about 10 feet high, leaving between them a passage extend- 
ing the whole length of the roof, the breadth of which should be calcn- 
lated so as to renew the air of the stittion at least twice or three times 
an hour, on the supposition that the heat of the sun in summer is suffi- 
cient to produce, in a sheet-iron chimney 10 feet high, a velocity of from 
IJ to 2 feet a second. 

To replace regularly the air removed without producing unpleasant 
currents at the end-openings of the station, it is necessary to increase the 
number of openings for admission of air, and place them as uniformly as 
possible throughout the extent of the station, and also to make large 
doorways in the two ends ot the building. The total area of the fresh- 
air openings should be such that, with a velocity of at most 16 to 30 
inches a second, a volume of air may enter into the station equal to 
twice or three times its cubical capacity. 

08. Sprinkling of roofs. — In addition to the preceding arrangements, 
jjroper for all seasons, it would be well, in hot weather, to keep up a 
constant sprinkling of the roof, commencing at seven or eight o'clock' 
in the morning and lasting till five o'clock in the evening, using about 
44 cubic feet of water an hour to every 100 square feet of roof-satface. 

This sprinkling, which will be sufficient to prevent the heating of the 
roof by the action of the solar rays, added to the continued aeration, 
will maintain the temperature within convenient limits during the hot 



99. Example.— The Orleans station is 348 feet long, 92 feet wide, 20 
feet high at the springing-line, and 41 feet to the ridge. Its cubical con- 
tent is about 1,130,000 cubic feet. ,CoOqIc 
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=942 cubic feet a second. The velocity which the solar heat may give W 
the escaping air beiug estimated at ba 1 1| feet a second, the sectional are» 
of the veutilating-space should be 574 square (eet ; and if the ventilating- 
passage is carried the whole length of the roof, which is 328 feet, it 
would suffice to makeitl foot 9 inches wide. But as the pai-t where there 
is most smoke aud steam is usually near the end at which the trains leave, 
instead of making the ventilating-opeuiug extend the whole length of 
ttie station, it would be better to give it greater breadth and less length, 
still retaining the same sectional area. 

COUETS AKD COVBEED MARKETS. 

100. Similar arrangements should be adopted in the case of courts 
and for all covered markets. 

In the latter, where blinds are usually placed in the windows, the 
introduction of air is easily provided for, and it is particularly the 
removal of foul air that requires attention. 

GLASS EOOFS ADD CEILINGS. 

101. Influence of glazed roofs and ceilings during the winter. — If in the 
summer season the glazed roofs of stations and covered courts present 
the inconvenience of producing a heating effect, which it is necessary 
to overcome, in winter they have the contrary defect, which often leads 
to very disagreeable results. 

The conduct! hi lity of thin glass then leads to a considerable cooling 
of the interior layers of air in contact with the glass ; this air, becoming 
denser than that below, descends, and is constantly replaced by more, 
which is likewise cooled, and by this continued movement the rooms 
thua covered become very difficult to warm. 

To these troubles is added that of the motion of the cold "air, which 
naturally flows towaid the chimneys, or the discharge-openings, if there 
are any, so that the occupants feel a descending current of cold air, the 
more unpleasant the nearer they are to the chimney or the discharge- 
openings. 

If the glass roof is simple, and has, as is almost inevitably the case, 
joints, through which the external air — much colder than that in con- 
tact with the internal surface — peuetrates into the room, the eflfecta 
which have been mentioned become more sensible aud disagreeable. 
There is also the danger that water will enter during rain-storms. 

It is, then, necessary in occupied buildings, when similar plans are 
adopted for lighting, to place under the roof a glass ceiling with aa few 
joints as possible, and in the loft thus formed aud limited above and 
below, to provide heating arrangements which will prevent the cooling 
of the ceiling, and thus to avoid the cold-air currents whioh have just 
been referred to. ,-~ i 
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102. Observations at CiiAteau de Ferrieres. — Tbe moat striking example 
of these effects whicli I have had occasiou to observe ie preseoted by 
tbe great reception-hall of the Chateau de Ferriferes, and it baa furnished 
me with some facts which enable nie to determine the amount of heat 
which such glass roofs may transmit, aod, conseqnently, to determine 
approximately the methods of heating to be employed to prevent this 
oooling. 

The main reception-room of the Oh&teau de Ferritrea, called the Hall, 
is 75 feet long and 40 feet wide, or 3,000 square feet in area. 

It is completely surrounded by other reception-rooms, corridors, ves- 
tibules, &c. By means of heaters, all these are comfortably warmed, as 
well as the reception-room, which has no side-windows, but is lii^bted 
by a glass ceiling with a surface of 1,635 square feet, covered by a glass 
roof in seven sections, having together 2,459 sqnarefeet of cooling sur- 
face. 

A large fire-place, in the form of a monument, placed on one of the 
long sides of the room, completes its system of beating. 

When in winter tbe space between the glass roof and ceiling is not 
warmed during the day, the effects previously mentioned become tbe 
most unpleaxant. The considerable draught of air produced by tbe fire- 
place draws to it the air cooled by contact with the ceiling ; and the 
vicinity of this fire-place, to which persons are naturally drawn by d bright 
fire, becomes unendurable. 

At night, the room is lighted up by 1,000 gas-burners above the ceil- 
ing, which consume 3,500 cubic feet of gas an hour; there being then 
about one burner to every three square feet of floor-surface in the room. 
The heat given out by this abundant combustion more than suffices to 
prevent the cooling of the air of the room and the unpleasant effects 
which would result from it. 

To obtain at least to a certain degree the same result during the day, 
it has been found necessary to keep up coke-fires in four cast-iron stoves, 
placed in the roof-space, in order to maintain there a temperature higher 
than that of the room. 

Observations made on the consumption of coke during the day and 
of gas at night, as well as upon the internal and external temperatures, 
enable us to calculate at least approximately the amount of heat re- 
quired in the space between the glass roof and ceiling in order to pre- 
vent the unpleasant cooling eftect. 

For this purpose, calling — 

G tbe number of units of heat which can pass in an hour thi'ough 

a pane of glass having the surface 8 ; 
T the temperature of the air on the warmer side ; 
T' that of the air on the colder side ; 

K a constant co-eflicieiit, representing the number of units of heat 
to a square foot of glass sarfaoe, and to a degree of diiterence 
of temperature between the two faces : 
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Tiie aiuoiiiit of heat passiug in aii hour throngh a glass ceiling or roof 
will be given by the formula — 

C = KS(T-T') 
Engineers only admit for the co-efficient K the value K = 1, while 
the data ohtained at Ferritires seem to show that for a double glass cov- 
ering — that is to say, a glass roof and a glass ceiling — it should have the 
value K = 3, and for a single covering K = 4, especially as in the latter 
case cold air might penetrate into the interior through the joints of the 
glass. 

According to these values, allowing that the developed surface S' of 
the roof is one and a half times that of the glass ceiling S, the amount 
of coal to be burued in the coldest weather may be calculated as follows; 
Let— 

S =1,000 square feet; 
S' = 1,500 square feet ; 
The temperature of the external air be 14° ; 
The temperature to be maintained within the roof be 113° ; 
The temperature of the room, 59^^ : 
The amount of heat passing off throngh the glass roof will be — 

Q=3x 1500(113 — 14)= 445,500 units. 

The amount of heat passing off through the glass ceiling 
win be — 
0=3x1000(113-59)= 162,000 units. 

The amount of beat to be developed within the double 

roof = 607, 500 nnits. 

Admitting that the coke-stoves employed utilize, as is almost always the 
case under similar circumstances, 90 per cent, of the beat given out by the 
fuel, and that a pound of coke produces 12,600 units of heat, it is necessary 

to bnrn every bonr — -■ — = 53.57 pounds of coke an hour to prevent, 
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under these almost extreme conditions of cold in Paris, the glass from 
cooling the room beyond 59°. At eveuing-receptions, the ligbting-np of 
the room requiring a burner consuming 3^ cubic feet of gas an hour to 
o\ery three square feet of floor-area, the beat produced will always be 
more than sut&cieut to prevent the cooling of the interior. 

The preceding ligures show why most makers of heating-apparatns 
who have undertaken to warm halls or courts covered by sky-lights have 
only very imperfectly succeeded. 

DWELLING-HOUSES. 

103. Among the appendages of dwelling-bouses which most often give 
out disagreeable smells should be placed, in the first rank, yards, kitch- 
ens, and privies. Inconsequeneeof the draught sxerted by the chimneys 
of rooms near these places, it often happens that at cectain times more 
or less infectious air is drawn into the apartments. 
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To avoid tbia serious tronble, it is necessary, by meaos of propej 
arrant;et Dents, wliicb should also be simple, to prodnce a regular and 
almost constant motion of air from the apartments or tbe balls toward 
these places, discharging from them to the exterior. This may be 
accomplished in several ways. 

lOi. Courtyards of dwelling-komes. — Apartmenthooses, especially ia 
Paria, very often contain little yards, belonging to the stores on the 
ground-floor, which seriously affect the bealtlif ulness of the upper stories. 
Provision -stores, restivurants, dye-bonses, drug-stores, &c., give rise to 
disagreeable or injurious smells, whicb rise and annoy the occupants of 
the house and injure the property. 

These disagreeable effects may easily be overcome in the following 
way : The yard should be covered, in whole or in part, with a glass roof, 
formiuga single inclined plane between the ground -floor and the second 
story. In au angle, and at tbe upper part of this roof, should be placed 
a chimney, extending above the upper cornice, the section of whicb 
should be calculated so that with avelocity of about three feet a second 
the air of the court-yard will be renewed once, or, better, twice an hour. 

At the lower part of this chimney should be placed a gas-buruer, con- 
suming only 3J cubic feet au hour. The velocity being small and tbe 
chimney high, about 1,S00 or 2,000 cubic feet of air may be carried ofl 
in an hour by this chimney to every cubic foot of gaa burned, and thus 
a constant purification of tbe yards be secured. 

When local arrangements favor, it will only be necessary, in order to 
keep up the draught, to carry a smoke-pipe up tbe chimney, or lo start a 
fire in a coke-stove placed in it. 

105. Kitciiem. — When ranges with hot-air passages, such as are now 
in general use, are employed, it will be easy when they are put up to 
place hot-water pipes around the grate, and carry them a certain distance 
up tbe chimney and back to the range, as in the boilers of hot-water 
heating-apparatus, which would secure a suflicient draught. 

106. Uhc of gas-burners for tlie ventilation of Mtcliens — In kitcbena 
lighted by gas, when tlie ranges are already put up in tbe usual way, 
lighting one or two gas-burners at the bottom of the chimney, to be 
kept burning only while cooking is going on, would in most cases suffice 
to produce a draught sufiicieut to curry off all smell. 

Example. — The kitchen for a single flat in Paris is considered quite 
large if 10 feet long. 13 feet wide, and llj feet high ; that is, with a con- 
tent of 1,49U cubic feet. 

It follows from direct experiment that, with the aid of a single gas- 

- burner, consuming 1^ feet an hour, and kept burning only while the 

meals are being prepared, that is to say, at most six hours a day, theie 

may be produced every hour, with sheet-iron ventilating- pi pes 9J inches 

in diameter, and . 

52 39 33 26 feet high, 

the renewal of 1,780 1,475 1,407 1,257 cubic feet, 
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which, added to the natural ventilation produced by the kitchen tire, 
will fully suffice to change tlie air of sucb a kitehen more than ouce an 
hour. 

The expense for a whole year for one small gas-burner, consuming 1^ 
feet of fjas an liour, and burning six hours a day, would be 8J cubic 
feet a day, or 3,100 cubic feet a year, which, at tbe rate of $1.70 a thou- 
sand feet, would cost $5.27, a very moderate expenditure for getting 
rid of a nauseous smell, which would otherwise be experieuced twice a 
day. 

It may be added that tbe preceding results relate to metal pipes 
placed on tlie outside and exposed to cooling, while, in general, similar 
ventilating-pipes may be, and ought to be, made of earthen ware, and 
placed in tbe tbickuess of the walls or in the interior of buUdiugs, 
which, exposing them less to cooling, would increase the efl'ect ob- 
tained. In the case of large kitchens with wide fire-places, when the 
ranges are kept very hot, and are used almost all the time, it would be 
more economical to place a coal-grate in the lower part of the chimney, 
at about tbe top of the fire-place, and this would also be the most simple 
and direct method for country-houses. 

107. Use of the hut heat from kitchen-ranges for ventilaHtig and for 
heating baths. — Besides the advantage of securing a change of air and 
the removal of bad odors from the kitchen, the hot-water pipes men- 
tioned in § 105 serve to supply baths, which may be established with 
success, as mentioned in § 81 in barracks, as well as in those establish- 
ments where providous are cooked for the poor, to be distributed to 
them gratuitously or sold to them at a low price. The additiou of 
hot-water baths to these useful establishments might thus be made at 
very little expense. 

An arrangement of this kind is adopted with success in the new lying- 
in house established by the administration of public assistance, rue dn 
Faubourg St. Jacques, to utilize tbe lost heat from the stoves used for 
making plasters. 

108. The baths may be heated also by means of ordinary hot-air 
kitchen-ranges without recourse to the use of hot-water circulation, or, 
what is better, by combining the two means of ntilizing the heat lost 
from the range during the time the meals are being prepared. 

■ 109. Privies. — The necessary arrangements to be made in order to 
prevent tbe infection which these attachments to buildings often pro- 
duce vary with the mode of construction adopted and the nature of the 
buildiug. 

The regulations for the construction of privy-wells are as follows : 
The down-pipes should dip at their lower end into the contents of the 
well, or better into a fixed or movable copper basin, into which it is well 
when it can be done to force water from time to time in order to wash it 

it follows from these arrangements that the only gases which can 
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ascend in these pipes arise from their iiiteroal surface or at the bottom 
of the pipes, and will oot be very abundant, (Fig. 30.) 

To prevent the gases from spreading to 

the iuterior of the rooms, water-elosets 
called English closets are usually employed 
within dwellings. lu less particular houses 
and in public establishments, there is 
simply placed under the opening a basin 
calkd EogerMolhe's apparatus, which tips 
and empties itself by the weight of the con- 
tents alone, and then returns and closes the 
opening. 

These convenient means are not always 

sufficient to prevent the introduction of bad 

smells on account of small cracks in the 

joints of the apparatus. 

In all cases it is better to keep the seat 1 J or 2 inches above the upper 

edge of the bowl, letting the front and the two sides reach to the seat 

and to connect this space with a ventilatiug-pipe estending above the 

roof. 

If this pipe can be placed near a source of regular beat, such as the 
kitchen-flue, or if hot-water pipes can bi^ carried into it, as iu the caee 
of mansions heated by hot water, it would be easy to obtain a sufficiently 
jwwerful draught in this pipe. 

But if this method is not available, as ofteu is the ease in small dwell- 
ings, the same effect may be secured by placing iu the pipe a small gas- 
burner, burning at most 1 or 1^ cubic feet an hour, and which, by the 
aid of a transom, will illuminate the closet at the same time that it puri- 
fies it. A common lamp might even be made use of, burning ^ or ^ 
ounce of oil au hour, (about s'jr to jL of a pint.) 

The ventilating- pipe shobld be about from 4G to 62 square inches iu 
area, and the small burner, burning IJ cubic feet an hour, would, in 
most cases, secure the renewal of 1,000 cubic feet of air au hour, which 
would suffice not only to expel all Che gases coming from the seat and 
its descending-pipe, but even to renew the air of the room several times 
au hour by drawing in that of the surrounding corridors and also pre- 
vent the infection of the interior of the house. 

110. Example. — 0;ffice of the Northern Railroad Company, (Fig. 31.) — If, 
iustead of English water-closets, only open seats are used, or even those 
called Turkish seats, similar arriiugements would produce the same 
results. 

Fig. 31 shows the plan adopted with success in the office of the 
Northern Railway Company, where there are in the five stories twenty- 
seven water-closets. The down-pipes serve for all the pairs of seats in 
each story, and are only three in number. They are 9 inches in diame- 
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ter, au«l terminate in the movable copper water -basin", wbich form 
slpbon-traps aud prevent the rising of the gas from tbe well. 

riG.3L 



All tbe veutilatiDg-pipes &om tbe seats 
are 4 inches by IC inches inside. They ter- 
minate iu a large Tertical collecting-pipe, 
about 10 square feet iu sectional area, serv- 
ing Jis a ventilatiug-cbimney, in which are 
placed vertical hot-water pipes, which in 
winter produce a general draught. Iu sum- 
mer, when the beating is iuterrupted, the 
drangbt is produced by gas-burners kept 
burning in each closet. 

Ventilation by means of hot-water circu- 
latiou can evidently be kept up in summer 
by means of a separate fire for this special 
purpose, which would be more economical than tbe use of gas. 

Ttie result of experiments made iu February, 18G3, was that the 
amount of air removed for each seat under the action of the draught, pro- 
duced simply by an excess of 7° to 13° of temperature in the chimney 
over that of tbe external air, was more than 2,2(M) cubic feet an hour. 

Although mocL greater than isgenerally necessary, this amount would 
not seern excessive in similar cases where, ia addition to the seats, uri- 
nals, often imperfectly rinsed, are nsed. 

in. Arrangement adopted at LariboisUre Rospttaly (Fig. 32.) — Iu this 
establishment, the closets on each floor contain three seats, with bowls, 
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E, of eoaoieled cast irou, wliich empty intp another bowl, S, formiDg the 
top of a. down-pipe, U, of which there is one for each seat, bnt which, 
by a simple an-angemeot, might have been more ecoDomieally made 
common to the three floors. These dowD-pipes carry tlie contents to a 
large hemispherical basiu, O, of cast iroD, always filled with water, in 
which their ends dip so as to prevent the gas from the well at the bot- 
tom from rising through the pipes. The contents run ofif from the hasia 
O through the space X in the well, which isclosed air-tight, and which, 
according to the regulations, should be provided with a pipe for the es- 
cape of -gas to the top of the building. 

It follows from this arrangement that the only gases which cau rise 
to the top of the down-pipes in the closets are those which are formed 
in the pipes. To prevent them from entering into the closets, and at 
the same time to renew the air iii the latter, M. L. Duvoirhas connected 
each of the under-bowls 8 with a pipe, T, leading to a ventilating-chim- 
ney common to all the closets. 

The draught exerted by this pipe V, increased by the use of hot-water 
pipes or by other means, not only removes the gas developed in the 
down-pipe, but it carries off from the closets, throngh the hole in the 
seat, an amouuttif air equal to 1,200 cubic feet or more an hour tocai;h 
seat. 

Arrangements similar to the preceding have been applied with suc- 
cess in privies with Turkish seats in baildiog b of the Vinceunes Hos- 
pital. 

SINES. 

112. When sinks, Intended to receive liitcheii-slops, give ont a bad 
smell in spite of the precautionary measures prescribed by the sewer- 
regulations, or when these regulations are not or cannot be observed, 
this unpleasantness may be removed by means similar to those just 
mentioned. 

DININCt-BOOHS. 

113. In these rooms, where the st«am from the dishes and the heat 
from numerous lights, added to that produced by the people present, 
cause a temperature often insupportable, it is easy to apply the rules 
previously given. 

It will usually suffice if the air be renewed four or five times au hour, 
producing the draught near the floor, and making use, as will often be very 
easy, of the heat from the wall-brackets to give it the required force. 

If the room is brilliantly lighted by many chandeliers placed over the 
tables, an escape should be provided for the hot gases arising from the 
combustion by openings in or near the ceiling. 

The openings for the admission of fresh air should be placed below the 
former, but removed aa far as possible from the people. 

It will then be found, as in the case of night drawing-schools, that 
the general rules will have to be modified. 
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As examples, chosen among those wliich apparently offer tlie greatest 
difQculties, I select the diuingrooms of the Hfltel de ViUe, Paris. 

114. State dining-room. — This iminenBe room has the following dinien- 
sious: length, 156 feet; hreadth, 34 feet; height, 38 feet ; cubical con- 
tent, 200,000 cubic feet ; floor-surface, 5,300 square feet. There are 
usually at dinner there 180 persons at one table 152 feet long by 13 feet 
wide, which gives a contour of 2 x (152 + 13) = 330 feet, and allows 
each guest but 1.8 feet of space. 

At dinners, the number of waiters cannot be less than CO. There are 
therefore 240 persons in the room. 

The CQbical space to each person is then — 

200000 , . . 

■ .,.^^ = 833 cubic teet. 

The amount of floor-surface to each person is — 
6300 



240 



= 22 square feet. 



Under these conditions, it is illuminated by — 

26 chandeliers, each containing 100 candles 2,600 

Table-candelabra of 6 or 7 candles each - 592 

Total nnmber of candles 3,192 

At the dinner given by the city to the Emperor on the occasion of his 
marriage, there were 420 persons at table. The number of waiters was 
at least 100; the cubical space for ea«h person was then — 
?^^ = 384 cubic feet, 

and the floor-surface to each person — 

5300 

-gHy = 10 square feet. 

The room was lighted, on this occasion, by 26 chandeliers of 100 

candles each 2, 600 

Table-candelabra ■ 592 

Total 3,192 

Admitting that each candle develops 476 units of heat, the same as 
a person, the total number of units of heat developed In an hour, on 
that occasion, would be — 

{520 + 3192) X 476 = 1,766,912 unit«. 

Supposing that air, at a temperature of 59°, had be^n admitted at a 

height of 20 or 26 feet, and that this air, after its temperature had been 

raised to 95°, had escaped through openings in the ceiling, every cubic 

foot of air introduced would have carried off — 

.0766 X 36 X .237 = .6536 unit 
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It would then have been necessary to admit ioto aud withdraw from 

the loom every hour the enormous amount of'^ 

170G913 
^j^^. ■ = 2,703,000 cubic feet of air, 

or 751 cuhic feet a second, which corresponds to a complete renewal of 
the air of the room effected — 
2703000 

awuoo ' 

By means of chimuejs extending to the roof, a velocity of disohargs 
equal to at least 7 feet a second could have been obtained, and their 
sectional area and thrit of the openings into them would have to be 114 
square feet. Supposing fi\'e of the latttr to bo placed in the ceiling, 
each would require to be 23 square feet in area. 

However great the amonnt of air to be removed aud the areas of flues 
may seem, there need be no serious difficulty in obtaining them. 

115. Throne-room. — This room has the following dimensions : length, 
94 feet; breadth, 36 feet ; height, 20 feet; cubical capacity, 88,000 cubic 
feet; floor-surface, 3,380 square feet. It accommodates 95 guests at a 
table 77 feet long by J3 feet wide, having, therefore, a circumference of 
180 feet, which gives each guest but 1.9 feet of space. 

The number of servants is about 25. There are then 120 persous in, 
the room. 

The cubical space to each person is — 
880(}0 
,Vij ~ = ^^ cubic feet. 

The floor-snrface to each person is — 

-j:j7r = 28 square feet. 

Under these circumstances, it is lighted up by — 

12 chandeliers of 96 candles 1,153 

4 candelabra of 25 caudles 100 

On the table 370 

Total 1,6:J2 

or, 17 candles to a guest. 

Allowing, as before, that a candle gives out 470 units of heat an hour, 
the same as a person, the total number of units of heat given out uu 
hour would be — ■ 

(120+1622) X 476 = 829, 192 nnits. 

Supposing that the air had been introduced at a height of 20 feet, and 
at a temperature of 59°, and that this air, after having become heated 
to 95°, had escaped through openings in the ceiling, every cubic foot of 
air Introduced would have carried away, as in the preceding case, .6536 
unit. 
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It would then be necessary to admit into, and discharge from, the 
room every hour the amount ot^ — 

^^^'^^ =1,268,000 cubic feet, 

or 352 cubic feet a second, which corresponds to a complete renewal of 
the air of the room efifected 14.27 times an hour. If the velocity X>f dis- 
charge reaches 6^ feet a second, the total sectional area of the openings 
should be 51 square feet. 

Tlie amount, 1,268,000 cubic feet, ia about that which can easily be 
withdrawn from the lecture-rooms of the Conservatory, and introduced 
there at a mean height of less than 20 feet without incouvenience to 
the audience. 

116. Dining-room. — This room has the following dimensions : length, 
49 feet; breadth, 23 feet ; height, 25 feet ; cubical capacity, 28,000 cubic 
feet; floor-surfece, 1,120 square feet. 

It accommodates 54 guests at a table 42 feet long by 10 feet wide, hav- 
ing therefore a circumfereuce of 104 feet, and giving to each guest bat 2 
feet of table-space. 

The number of servants is about 14. There are then 68 persons in 
the room. 

The cubical space for each person is — 

28000 „^ ,. - ^ 
— gg— =410 cubic feet 

The floor-surface to eaeh person is — 

1120 , „ 

-7jy-=16 square feet. 

It is lit up by — 

1 chandelier 60 candles, 

14 chandeliers of 20 candles each 280 caudles, 

Portable caodelabras 170 candles, 

Total 510 candles, 

or 9.44 candles to a guest. 

Admitting the same bases of calcnlation as before, the total number of 
units of heat developed in an hour by the people and the candles will be 

(08+510) X 476=275,128 units, 
and the amount of air to be admitted and withdrawn every hour would 
be^ 

^^=421,000 enbic feet, 
or 117 cubic feet a second, which corresponds to a complete renewal of 
the air of the room effected 15.23 times au hour. 

The amount, 421,000 cubic feet, is less than tiiat which is constantly 
admitted into and withdrawn from the small lecture-room at the Con- 
servatory. 

Under the arrangements at present in use, it is not nucommon to find 
at the close of a meal a temperature of 86^ without any change of air, 

Co Ogle 
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wbich is very unpleasant, and the sapposition tbat it wLlI be yso near 
the ceiling ia probably below the truth. 

The three precediog examples preseDt extreme difficuUies ; and it is 
besides evideut that if the pi'oportioiis ret^rreil to bo adopted, it would 
be necessary to reserve means of regulating and of moderating, accord- 
ing to circumstances, the amounts of air to be admitted and carried ofl^^ 
For the winter season, the latter should be taken from places near the 
rooms where a suitable temperature can be maintained. 

EECEPTION-EOOMS. 

117. What has already been said in regard to dining-rooms applies 
equally to large reception-rooms, where many lights serve to a ^eat 
extent to heat and vitiate the air. 

There, as in evening drawing-schools, it will not be sufBcient merely 
to produce a change of air proportioned to the number of persons pres- 
ent; it is necessary at the same time to carry off the hot gases of com- 
bustion throngh the ceiling under the influence of the draught which 
they produce, and to establish at the same time if possible an outward 
draught near the floor, which will draw to it a part of the fresh air. The 
fresli air should be introduced at a considerable height, and as far as 
possible, from the people in the room. 

In such cases, it will be advisable to secure the complete renewal of 
the air six or eight times an hour. 

Observations made at the school in the Rue des Petits-HOtels having 
shown that, with an external temperature of 50° and an internal tem- 
perature of 790, there will be produced from free openiugs, disconnected 
from any chimney, a velocity of about 3 feet a second, the surfaces of 
the openings to be made above may be calculated by assuming that 
75 per cent, of the amount of air to be removed escapes through these 
openings ; and that the balance, or 25 per cent., wilt be drawn ofl' at 
the bottom, with a velocity also equal to at least 3 feet a second. 

118. Application to the Hall of Marelials in the Tuileries. — This recep- 
tion-room is 63 feet long, 53 feet wide, having therefore 3,340 square 
feet of floor-surface, and 48 feet in mean height, the cubic content 
being about 160,000 cubic feet. It accommodates at most six hundred 
people at balls, or about one person td every 5 square feet. 

It is lit up on reception-days b y 548 candles and" by 166 lamps, 
{equivalent to 498 candles,) which would develop together about 500,000 
units of heat an hour.* 

The illumination corresponds then to — 

-TjjTTT- ^: 1.74 candles to an individual. 
If it is desired that the air be renewed in this hall six times, it will be, 
necessary to admit and discharge — 

6x160,000 = 960,000 cubic feet an hour. 
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of which .75x960,000 = 720,000 cubic feet ao hour, or 200 cubic feet 
a secoud. will be carried ofi' at the ceiling, and .25x960,000 = 240,000 
cubic feet an hour, or C7 cubic feet a secoud, by the openings near the 
3oor. As thevelocityofdischargenear the ceiling may be as high asS 
feet a second, the openings to be made there — as far as possible directl; 
above the main chandelier — should have — 

-IT- = 67 square feet of clear passageway, 

deduction being made for solid parts; and the velocity of draught near 
the floor being also 3 feet a second, the corresponding openings should 
have a clear area of — 

^ = 22 square feet. 
The grating in use has an area of but 116 square feet of total sur- 
face, including solid portions, and scarcely presents 43 square feet of 
clear passage. 

Above tbeopenings in the ce ilin g should be placed external i entilators, 
having together the same clear area, which will Inci-ease the velocity of 
discharge, 

lu regard to the ventilating openings at the floor-level, they may easily 
be made around the contour of the rooms under the steps on which the 
seats are jiiaced; and their pipes should be carried in the piers of the 
vaults of the lower vestibule to the cellar, where they should join the col- 
lecting passages terminating in a general ventilating-chimney, at the 
bottom of which a coal fire or a number of gas-burners should be kept 
burning. 

The dimensions of these pipes should be calculated by the general 
rules previously given. If there are serious difliculties in the way of 
prs ducing tiiisdown-draught, an up-draught may be used, produced by the 
aid of gas-burnera placed in vertical flues made in the thickness of the 
walla. 

119. Introduction of air. — But it is not sufficient merely to secure the 
discharge of the foul air; it ia necessary to provide for the admission of 
an equal amount of fresh air at a proper temperature. 

This air, nhich in winter should be warmed to a temperature of about 
08O, may be admitted through an interjoist in the balcony, which is ^0 
feet above the floor. It shuuhl flow horizontally below the chandeliers, 
above and away from the occupants, aud its horizontal velocity of ad- 
mission may, without inconvenience, be 3 feet a second. Its volume 
being 954,000 cubic feet an hour, or 205 cubic feet a second, the total 
sectional area of the interjoist and of the conducting passages should 
be 81 square feet. 

The length around the inner edge of the balcony being about 200 feet, 
it will sufiice to give the openings — 

onjj = .4 foot of clear height, 
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hat on accoant of the ornaments whicb break up tlie passage it will be 
necessary to make them 10 inches either in height or in developed profile. 

These arrangements will insure the renewal of 954,000 cubic feet of 
air an hour, or 1,500 cubic feet to eacii person, if there are 600 present, 
safQcient in all seasons to s<^ciire the healthful condition of the room 
and to moderate its temperature ; but it is not neeessary that they be 
isolated and confined to one of the reception-rooms of the palace. It 
will be equally necessary to adopt similar arrangements for the two 
a4i*)iDiiiS''<x>'t^^^hich oftencoutainmany persons, and also for the large 
gallerj, frequently used as a ball room. It may not be unnecessary to 
add that for evening parties the two large fire-places which are in the 
grand gallery may, by means of gas-burners placed within them, serve 
as ventilatiug-cbimneys ; and if there is any difficulty in cutting in the 
fiide-walls descending dues leading to the basement, ascending fiues may 
be made, separate, or communicating with a single ventilator placed in 
the roof over each room. 

The fresh air should ent«r above the cornice, and in a horizontal direc- 
tion. 

Eacb of the principal saloons in the palace should thus have its own 
ventilators provided with regulating-valves ; they should be independent 
of the others, and this will prevent the unpleasant currents which would 
otherwise arise as the guests take their departure. 

HALLS OF ASSEMBLY AND LEOTUEE-ROOMS. 

120. These places of temporary resort, where there is often more than 
one person to every square foot of floor-surface, should be ventilated 
at the rate of 1,000 cubic feet of air an hour to each person. 

The arrangements which I have adopted for the maiu lecture-ball of 
the Conservatory of Arts and Trades, and of which the satisfactory re- 
sults have been seen every day for five years, appear to me worthy of 
imitation. 

The foul air is drawn off through openings in the risers behind the 
feet of the auditors, and their total clear area for the passage of the air 
— deduction being made for the solid portions of the grating, if tbere 
are any — should be calculated so that the air will only attain a velocity 
of 28 or 30 inches a second. This surface also should be distributed as 
uniformly as possible among the steps. 

The basemeut under the lecture-room, kept as clear as possible, should 
communicate with a ventilatiug-gallery, placed underground or at the 
ground-floor level if possible, the sectional area of which should be 
calculated so that the velocity of the air shall not be greater than i 
feet a second. 

This gallery should terminate in a ventilating-cbimoey, the mean sec- 
tion of which should be determined on the condition that the velocity 
of the air shall reach 5 or 7 feet a second in order to secure the perma- 
nence of the current. 
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At the foot of tlii8 cbimney, a grate, separated from the walls and 
placed about 3 feet above the ground, should coDtaiii a coal-fire, which 
will give to the draught the iiecessary strength. Experimeuts show 
that with proportious about equal to those that have been mentioQedi 
140,00U to 160,0(H) cubic feet of air au hour can be carried off from a 
well-fllled lecture-room to every pouud of coal burned. On the preced- 
iug data, the number of pounds of coal to be burned may be calculated 
from the Dumber of persons in attendauce, allowing to each 1,000 cubic 
leet of air an hour, and the surface of the grate may be determined on 
the condition that each square foot is to consume i pounds au hour, 
which corresponds to a slow fire. 

Doors and valves should be placed in this gallery to check the motion 
of the air as required. 

If in the lecture- room substances that give off bad smells are prodaced, 
ventilatiug-pipes should be arranged under the furnaces, or under the 
table, which should be 2j or 3 square feet in sectional area, and pro- 
longed, if desired, directly to the chimney instead of terminating in the 
gallery. The openings of these pipes in the furnace or in the table should 
be closed whenever it is not necessary to use them. 

121, Admission of Jreak air. — Generally it will be well, when the con- 
struction permits, to make the air Sow in through the roof over the lec- 
ture-room, which should in that case be close and ceiled, or in an inter- 
joist, whence it will descend into the room through openings unifonnly 
spread over the surface of the ceiling. 

When this arrangement can be adopted, the clear surface of the open- 
iugs should be calculated on the condition that the air should pass 
through them with a velocity of about 20 inches a second. 

In the main lecture-room of the Conservatory, where the amount of 
air admitted rarely exceeds 636,000 cubic feet an hour, or 177 cubic feet 
a second, this condition would require a clear area for the fresh-air 
openings of lOS square feet. They actually have an area of 120 square 
feet. 

If it becomes necessary to admit the fresh air through one or more of 
the walls of the room, opposite walls should be preferred, and the open- 
ings should be placed as far as possible from the audience, fitting guides 
to them to force the air to follow the flat or curved surface of the ceiling, 
so tbat its entering velocity, which may then be as great as 40 inches a 
second, may be gradually reduced belbre it reaches the audience. The 
air brought in should have in winter a temperature lower by 4 degrees 
than that which Is to be maintained in the room, which should be about 
08°. 

For this purpose, the warm air from the beating-apparatus should be 
mixed in a separate chamber with the cold air taken from outside 
through a convenient opening. The action of the draught will serve to 
draw in this cold air, which should be made to flow into the mixing- 
chamber above the warm air. 
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Valves should be arranged to regnlate the amounts of hot and cold 
air so as to give a proper temperature to the uiixtiiie. 

WbeQ the lecture-room is not occupied, it will be well to close all the 
communications with the veolilating-cbimne;, the mixing-chamber, and 
the freah-air openings, in order to avoid reversed di'aughts which would 
cool the interior. 

The intermittent use and heating of lecture-rooms causes a muctt 
greater expense for fuel than if thej were constantly occupied. 

These places also being only ventilated wbeu they are in use, it is 
well to reserve means of warming through special openings different 
from those which are used in connection with ventilation, the openings 
to be afterward closed. 

The mean results for heating and ventilating lecture-rooms arranged 
similarly to those iu the conservatory will be as follows : 

r For heating — to 1,000 cubic feet con- 

GonsnmptioQ of coal J teut 3-2} Ib^. 

in 12 hours. 1 For ventilation — to 1,000 cubic feet 

^ of air renewed ^1 lb- 
Large reception-rooms, snch as those of legislative halls, should be 
warmed and ventilated upon the same principles. 

In all cases, it should be remembered that staircases, vestibules, &c,, 
which give access to these places witli strongveutilating-d ran ghts, should 
be warmed without being ventilated, and kept at a temperature a little 
above that of the main room, so that the occasional opening of doors 
will only admit warm air, which would not be unpleasant. 

Experiment has shown at the Conservatory that, when these places 
are thus heated and kept closed", they form a sort of air-lock, and the 
velocity with which the air enters through the doors, which being 
opened put them in communication with the interior of the lecture- 
room, is barely one foot a second, and consequently almost insensible, 
especially if the temperature of the air is at least equal to that in the 
main room. 

THEATEBS. 

122. A theater is composed of three principal x>arts — 

1. The stage and its accessories. 

2. The auditorium, waiting-rooms, and dependencies. 

3. The vestibules, staircases, and business-ofiSces. 

The stage, the flies, and the corridors which lead to the dressing-rooms 
and green room should be feept at a temperature of 04° to 68° in winter. 
Generally, the latter places will not require to be ventilated, as they con- 
tain but a small number of people, occupying a large space. Still, as 
the green-room and the rooms in which the chorns rehearses often con* 
tain a large number of artiste, it may be necessary in certain cases to 
ventilate them. The upper portions of the stage are often raised to a 
high temperature on account of the heat produced by the lights, by the 
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fire in spectacles, &c., which requires that special precantioas be tskea 
to air them aad to remove the hot gasea. 

Vhe auditoriam aud the waiting-rooms are the parts in which it is especi- 
ally desirable to maintain salubrity, change of air, and a moderate tem- 
perature. The amount of air to be changed an hour to each spectatw 
should be 1,400 cubic feet, and it is well to reserve means of iucreasing^ 
it to 2,100 cubic feet during the summer. 

The beating may be effected either by means of hot-air heaters witU 
sufficiently large mixiog-cbambers, as has been previously mentioned, or 
by hot- water apparatus, of which the first cost need not be greater than 
the preceding, while it will be very easy to regulate. 

123. Air-supply. — The fresh air should be taken, if possible, fi*om the 
neighboring gardens, far from dwelling-houses, or from court-yards, or 
by special chimneys, drawing it from the top of the edifice. Care should 
be taken that these chimneys should be as far as possible from the 
ventilating-chimneys, and that their tops be not as high as the ventilat- 
ing chimneys, in onler that they may not reverse the draught. 

If fresh air be iutrotluced by subterranean passages, the walls, the 
vaults, and the floor of these passages should be made of bydraulio 
masonry, perfectly tight, and nothing should be done to them by the 
custodians of the building, except to examine their state of cleanliness. 

134. Admission of air. — The air should be carried into the auditorium : 

1. By interjoists, formed between the floor of one gallery and the 
ceiling of that below ; the air should Issue horizontally from the whole 
circumference of the interjoists, which should be at least 5 or 6 inches 
in clear height. 

It may be assumed that the horizontal velocity with which it flows 
out wilt be 3 feet a second ; but it is necessary to take care that the 
openings through the gratings which terminate the intcrjoist-spaces 
bare at least a surface corresponding to this velocity, aud that none of 
these openings be placed horizontally above the spectators of the lower 
tier of seats. 

2. By openings arranged at the height of about 10 feet in the walls 
separating the stage from the auditorium; and there may also be formed 
there a chamber for mixing the warm air from the heaters with the cold 
air from outdoors. 

3. By auxiliary pipes, intended especially for summer- ventilation, 
arranged, if possible, under the floors of the corridors of each gallery. 
They should take air from outdoors, and their section should be cal- 
culated, so that the velocity of passage shall not exceed 2 feet or 28 
inches a second. All these pipes should be supplied with valves to 
close them when required in cold weather. 

125. Neceaaary precautions.— Venti\&tioa, by drawing ont the fool air, 
necessarily causing the entrance of fresh air, it is necessary to see that 
the opening of doors does not occasion unpleasant carrenta For 
this purpose, corridors, passage-ways, and staircases should be heated ia 



WAHMING AND VENTILATION. 325 

winter to a temperatare of about 68°. The doors of adjoining boxes 
being usually contigiious, it will. be well to place a hot-air openiDg ia 
the corridors before each pair of doors, so that during the momentary 
opening of one of these doors warm air may enter into the correspond: 
iog box. The same plan may be carried out by each door in the pas- 
sage-way ; but it ia neoeseary tbat these hot-air openings be placed ia 
vertical planes, and not at the floor-level. The passage-waytj should 
have two doors opening outward and inward, and between them should 
be a hot-air opening. 

126. Removal of foul air. — This air sbould be drawn out of the room 
by ventilating-openings ai the bacic of the boxes or galleries, or in the 
risers of the amphitheater. The clear surface of these openings sbould 
be calculated on the condition that the air shall enter with a velocity of 
28 or 3U inches a second. 

Each box or each pair of adjoining boxes of the same tier should have 
a special ventilating-pipe. The section of these pipes should be calcu- 
lated on the condition that the air drawn out should have a velocity of 
3 feet a second. For the first, second, and third galleries, these pipes 
should be carried to the ventilator above the chandelier. 

For the parquet, the orchestra, and the lower boxes, and, if possible, for 
the first galler>', the foul-air pii>es should descend. In the parquet and 
the orchestra, gratings arranged around the whole lower circumference 
of the partitions, together with other openings placed on top or on the 
sides of pipes carried aloug by the feet of the seats, will serve to direct 
the foul air in au iuterjoist placed under the floor. This interjoist, made 
high enough to be cleaned, should be divided in large theaters into two 
parts by a longitudinal division in the mean plane of the edifice. 

Each of these parts should communicate with a separate ventilating- 
chimney, of which the opening should be either in the basement or at 
the height of the floor of the passage-ways in the pnrquet. 

In no ease should the vouttiating openings be placed at the fioor-level, 
as has nevertheless been done at the Lyric Theater. 

The foul air drawn off from the lower boxes and the first gallery 
should likewise be carried underneath by means of special pipes, after- 
ward united in collecting- pipes terminating at the base of the chimneys 
jnst referred to. 

The dimensions of these pipes should be determiued on the condition 
that the velocity in them should be from 3 to 4 feet a second. 

In small theaters, a single chimney will usually suffice for all the gal- 
leries. Tbe calculation of the dimensions to be given to the foul-air 
opeuiogs should be made for each gallery separately, from the corre- 
sponding number of spectators. 

The cast-iron smoke-pipes of the heaters should be carried into the 
ventilating-chimueys, keeping them separate throughout their whole 
height ; and at tbe lower part of tbe chimney a grate should be placed^ 
to be used whenever required, to increase the draught, especially in aaiQ<- 
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mer. It would not be prudeot, even ia wioter, to count upon the heat 
transmitted by tbe smoke- pipe to produce a snflBciently powerful draught. 
TUe sectiooal area of the chimney should be calculated so that the 
mean velocity in it may be 5J or 6 feet a second. 

They should open, when possible, in a cupola placed above the center 
of the hall, which should also receive all the ventilatiug- pipes of the 
upper stories. 

A main ventilatingcbimney should be constructed of brick aud not 
of metal, above this cupola, the latter to be as low as possible, while 
the chimney should be made as high as the nature of the building will 
permit, but at least 20 or 25 feet. 

The sectional area of this chimney should be calculated on the con- 
dition that the mean velocity of the draught in it should be about 6J 
feet a second. 

127. Utili)^Uon of tlie heat given out hy thelu/hts. — In addition to the 
pipes for carrying off foul air, the gases produced by the burners of the 
maiu chandelier or the other chandeliers suspended from the ceiling 
should also be carried into the cupola. The pipes intended to carry the 
gases there should be made as small as possible in order not to change 
the direction of the main draught in the vicinity of these places. 

The diameter of the vcntilating-pipe above a chandelier placed near 
the ceiling and supplied with a metal or gloss reflector should be calcu- 
lated under tbe condition that it shall only remove 150 cubic feet of air 
an hour with the velocity of 13 feet a second to a cubic foot of gas con- 
sumed by the chandelier. 

The single burners iu the boxes and corridors should take the air 
necessary to support the combustion in the interior of the boxes or 
from the ai^oining ventilatingpipes. It will suffice to make their ven- 
tilating- pipes ^ or f inch in diameter. 

If, as is most probable, the plan of lighting through a glass ceiling, 
tried at the Th64tre du Cirque aud the Lyric Theater, be not adopted, 
it will be advisable to place a circle of gas-jets at the base of the venti- 
lating-chimney, to be used only to increase the draught in summer, 
■when the elevation of the temperature of the external air tends to 
reduce it. It may bo assumed that under similar conditions each cubic 
foot of gas consumed will carry off about 800 cubic feet of air. 

A valve should Iw placed at the foot of tbe chimney to moderate its 
draught, and pnrticularly to stop the draught after the close of the play, 
to prevent useless loss of heat and the entrance of cold air duriug the 
night. 

128. Ventilation of the stage. — For theaters where great quantities of 
smoke are frequently produced during sham fights, grand illuminations, 
displays of tire-works, &c., it is well to keep up a strong draught in the 
upper part of the stage, in order to prevent the gases from being drawn 
into the auditorium by the draught kept up there, as happened at the 
Ch&telet Theater, where these precautions were not taken. Further- 
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more, in order tiiat tliia stage- ventilation may not interfere witli that of 
the body of the hoase, it is necessary to connect the two systems with 
each otber. 

For this purpose, a chimney or an auxiliary veuttlating-fiue should he 
made above the stage and joined with the main chimney, the draught 
of which should be increased by means of gaa-jets lighted at the propci 
time, a little while before the emoke is produced. 

129. PrecautioTis to be taken to prevent reentry of the external air on tlie 
stage. — The introduction of esterual cold air on the stage should also be 
avoided, in order that currents trora the stage to the hall may uot be 
produced, which would be disagreeable both tjj the actors aud to the 
audience. This result has takeu place at the Theatre du Cirque, where 
large opeuings in direct communication with a court and public way 
have not becQ closed. 

130. Lighting apparatus for the auditorium. — Without wishing to spec- 
ify here the arraugements to be adopted for lighting theaters, we will 
con&ne ourselves to stating that glass ceilings, which require to 
be ornamented with colored designs, occasion a considerable loss of 
light, while they produce in the room an amount of heat very unpleasant 
for the spectators in the upper tiers, and which is also very expensive 
for the directors, who are naturally led unduly to restrict the number 
of gas-jets, thus rendering aseless the expense gone to in introducing 
this method of illamination. Although this consumption, even when 
thus restricted, assists the removal of foul air, the amount carried off 
is seldom more than 450 cubic feet to a cubic foot of gas burned, while 
withsuitablearrangementstheamountof 600 to SOO cubic feet of air might 
be carried off to every cubic foot of gas. 

131. Arrangements to bemade to secure and regulate the amount of warmth 
and ventilation. — Warmtli and ventilation can only be properly secured 
by an attentive observatiou of atmospheric conditions and of the num- 
ber of spectators, and by prompt application of the proper means. There 
is, in fact, no difdcutty in the arrangement or the management of the 
apparatus; but it is necessary to take care, and not to trust to ordinary 
firemen, nor even to the managers of theaters, always interested in 
iisiug as little coal and gas as possible. 

It is then indispensable to confide this trust to special agents, respou- 
eible directly for the authority and the regularity of the service, and 
obliged to make daily reports. Without such control, independent of 
theatrical managers, the best apparatus may give imperfect results or 
even fail entirely. 

132. Application. — The preceding rules have been adopted, after long 
discussion and mauy experiments," to serve as bases for the plans to 
be adopted at the Lyric Theater aud the Chatelet Theater. The city 
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^verament bag scarcely any control over the latter, and bnt little over 
the former. Still, as the resalts otitained at the Lyric Theater have, in 
the main, been somewhat satisfactory when the apparatns bag been 
properly managed, I will describe this first application, in spite of its 
imperfections. 

The auditorium, intended to accommodate 1,700 spectators, bas really 
bat 1,472 seats, distributed as follows : 

Orchestra, parquet, and lower boxes 440 

First tier 256 

Second tier 302 

Third tier 178 

Fourth tier 296 1, 032 

1,472 

The amount of air to be renewed for each spectator bad been limited 
to 1,0G0 feet an hour, which, with the above number of places, corre- 
sponded to a total volume of 1,560,000 cubic feet an hour. The condi- 
tions imposed upon the contractor, based on the hypothesis of 1,700 
spectators, would require a renewal of 1,800,000 cubic feet of air an hour. 

133. External-air supply. — The air-supply was taken iu St. Jacques 
Square from a circular welH2 feet in diameter, which, by a subterranean 
passage, at first circular, 11 feet in diameter, and afterward of variable 
form, but of tlie same sectional nrea, carried it to the subbasement of 
the building, and spread it over the whole extent occupied by llie heat- 
ers and the air-chambers. The sectional area of the passage-way was 
therefore bnt 98 square feet; and experimeut (December 9, 18(i2'j hav- 
iug shown that the velocity iu it was as much as 6 feet a second, the 
volume of fresh air introduced by this gallery was that day 1,090,000 
cubic feet. It was only deemed necessary to introduce l,0(iO,000 cubic 
feet, since the unavoidable admission of uir through the doors, the pas- 
sages, and the stage would easily and without inconvenience furuish the 
balance, as has been found to be the case. It would, nevertheless, be 
more prudent in such cases to calculate the dimensions of the fresh-air 
trunk to furnish the entire amount. 

134. Alteration of the adopted plans. — But a little while after the open- 
ing or the lease of the theater to the manager, the external fresh-air pas- 
sage was closed, and even the pit in St. Jacques Square covered with ivy. 
Thus the introduction of air by these passages, as well as by the pipes 
leading to the inteijoists of the boxes, is almost entirely i>revented, 
while the outward draught is as strong as ever. It therefore follows that, 
to replace the air carried oft', cold uir enters through the halls, passages, 
&c., which is very unpleasaut for the si>ectators, and which the public 
attribute to the general arrangements adopted, while they are only the 
result of want of care and of the exercise of authority. 

* £tu^ tur la vetttiUUion, vei. 2. 
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In spite of the ioflaence which tliese changes, and others eqaally seri- 
ous, in part of the apparatus have had on their operation, I will describe 
the results which Lave been obtained by continuous service wlien the 
ventilatioD has been regularly kept up. 

135. Groundjloor. — Part of the air supplied by the air-truuks passes 
into two heaters placed under the main ball ; the rest Hows iuto two miz- 
iug-chambers, having together a capacity of 6,500 cubic feet. The two 
heaters have a sectional area of 07 square feet, and the amouDt of varm 
air whicb they can supply to the mixiDg-cbamber being at a maximum 
883,000 cubic feet an hour, or 245 feet a second, this corresponds to a 
velocity of 2J feet a second. 

From the air-chamber, and from each of its compartments, branch off 
six pipes, of which— 

Two are iutended to supply fresh air to the different galleries. 

Two were to supply air entering the room by the floor of the stage, 
concentric with the foot-lights. This method of lutroduction had to be 
abandoned, as it was unpleasant to the musicians. 

Two were to carry air in vertical pipes placed by the stage-opening 
against the wall which separates it from the auditorium. 

There are, in addition, four heaters for warming the vestibules, the 
staircases, waiting-rooms, dressing-rooms, &c 

136. Bemoval of foul air. — In the orchestra and parquet, the air is 
drawn off under the floor by 101 openings, having altogether a clear 
area of about 65 square feet. The passage under the floor, which should 
have bad a clear area of 118 square feet, has been reduced to 40 square 
feet. 

The air drawn off at this height, carried by two pipes to the right and 
left, is drawn to two ventilating-chimneys, which contain the smoke- 
pipes of the heaters of the hall, and may also, when necessary, be heated 
by a smalt special fire. 

Direct experiments, made during five consecutive evenings in May, 
1863, with external temperatures comprised between 50° and 73°, have 
shown that a mean consumption of 441 pounds of coat, costing about 
$2 for each performance, eflects the removal of about 600,000 cubic feet 
of air an hour, which corresponds to about 1,400 cubic feet to a seat. 
By means of this abundant ventilation, the temperature of the orchestra 
and parquet may be maintained within proper limits. 

Bat the managers of the theater do not use the two ventilating-chim- 
neys ; and if they have not been closed, instead of promoting the removal 
of foul air, they may cause the entrance of cold air, in consequeuee of a 
reversal of the direction of the motion of the air caused by the greater 
power of the upper draught. 

For the first, second, third, and fourth galleries, the foul air is carried 
out at the floor of the galleries or through the steps of the amphitheater, 
as was remarked in § 126; and the observatious made in May, 1863, 
have shown that the amount of foul air extracted at the base of the 
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cupola was aa much a8 1,361,000 cubic feet for 736 places, equal to 1,848 
ciibiti feot to a place. For tlie wbole audieuce-room, contaioiDg 1,472 
places, the total amount of air removed on an average during the five 
evenings in May, 1803, when tbe observations were made, was as much 
as 1,»70,000 cubic feet, or 1,338 cubic feet instead of 1,060, -which was 
all demanded. Tbe total amount was even raised od December 3, 1862, 
to 2,121,000 cubic feet an hour. 

137. Maintenance of equality of temperature in the different galleries. — 
I have given in my iuvestigatioQS in regard to ventilation* tbe results 
of experiments which have been made under very different temperatures, 
and which have shown tliat the results obtained have exceeded what 
was required as to the amount of air removed Irom the room at the 
different galleries. The results relative to keeping up the temperature 
have not been less satisfactory. lu fact, by means of this regular ven- 
tilation, the temperature at the different galleries has been maintained 
at a very remarkable state of uniformity, as shown by the following 
results tor the first and fourth galleries, which alone will be cited here: 



Date. 


It 


II 


II 

III 




o p, 

59.25 
55.85 
55. S5 
59. M 
63.60 
67.10 
69.80 


OF. 
69.10 
71.60 
71.60 
T6.02 
75. 9d 
76.10 
7rt.26 


OF. 


MiiyaS, 1863 ^... 


74.66 























It is well to repeat that in a place strongly ventilated a temperature 
of 75'^ does not feel unpleasant, and that if the direct external air- 
openings required for the summer season have been made it will be easy, 
if required, to obtain a still smaller diifereiice between the external and 
internal temperatures. 

At the old Opera, tbe Italian Theater, and most of the nnventilated 
theaters, it is not nnnsual to observe temperatures of 95° and 105°. 

138. Temperature on the stage. — When the heaters designed to warm the 
stage are well managed, a proper degree of temperature may always be 
maintained there. Thus, in November, 1863, with an external temper- 
ature of 39°, was obtained — 

° F. 

On the stage 60. 02 

Id the orchestra-stalls 70. 88 

In the gallery-boxes, (average) 72. 32 

lu the amphitheater, (fourth gallery) 73. 94 

'£tudea aur la FeatilatUtn, vol. 2. , -■ i 



WAEMINQ AND VENTILATIOlf. 331 

In May, with external temperatures of from 64° to 68° at 7 o'clock, and 
from 55° to 57° at midnight, the temperature on the stage was on an 
average 71° to 73°. 

139. Volume o/aircarried off at thecupola to acubicfoot of gas burned.-— 
During the experiments of May, 1863, the volume of gaa burned an hour 
in the main room was on an average 2,940 cubic feet, and the volume of 
air was 1,361,000 cubic feet, which corresponds to 462.5 cubic feet of air 
carried oft' by a cubic foot of gas coosumed. But in the above-men- 
tioned consumption is included that of a large number of burners which 
had no direct influence on the ventilation. A removal of 600 to 800 
cubic feet of air to a cubic foot of gas directly consumed to produce it 
may be calculated upon when proper arrangemeuts are made. 

140. Consequences of the precedmg facts. — The results of direct experi- 
ment made in different seasons show that the arraugemeuts adoi>ted 
for warming and ventilating the Lyric Theater are capable of producing 
satisfactory results. The same is true of the Galt^s. 

It is a pity to see the public, in consequence of the senseless parsi- 
mony of the manager of a theater, deprived of tbe advantages which 
the administration of the city of Paris has, at considerable expense, 
ondertaken to secure them. 

BTABLES AND OOW-HOUSES. 

141. The capacity of stables should be 1,800 cubic feet to each animal ; 
this was tbe proportion adopted in 1841 by the war-miuistor for cavalry- 
Btables. In all constructed since that time for the army-service, the 
width allowed for each horse is about 4| feet. 

This increase of space produced from 1835 to 1858 a reduction in the 
number of horses lost in 1,000, from 51 deaths by glanders in the period 
from 1835 to 1845 to 10 only during that from 1845 to 1858, and from 94 
deaths from all diseases in 1835 to 1S45 to 22 only from 1848 to 1858. 

Large corporations, such as the General Omuibus Company and the 
railroad -companies, are then wrong in restricting tbe capacity of their 
stables to 700 or 900 cubic feet of air to a bead. 

142. Permanent opening of door a and windows. — Experiments carried on 
for several years in cavalry-regiments in garrison in the north, center, or 
south of France, have proved that horses have better health and greater 
strength when kept in stables where tbe doors and wiudowsare con- 
stantly kept open night and day in all seasons than where they are kept 
shut. Similar observatious have been made in stables contaiuing a 
great many cattle, which are thus relieved from epidemic affections of 
the respiratory organs. 

143. Amount of air to be allowed. — When stables are not arranged so 
as to admit air thronghout their whole length and by two opposite walls, 
it is proper to make in the roof at the middle of the alleys, if tbey are 
double or above the passage behind the horses, ventilating-uhimneys of 
brick sufficiently large to secure a ventilation of 0,400 to 7,000 cubic fep* 
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of air an boar to a horse, with a velocity of 28 iuches a second, wbich 
may be produced by a difi'ereiice of temperatnio of 11° to 13<^ between the 
external air and that of the stable. This requires that the chimneys 
have a sectional area of lOS to 124 square iiiobes to a horse. 

By means of this ventilation, the bygronietrical condition of the air ia 
the stable will be maintained within convenient limits. 

144. Use of gas-l)urners. — The vcutilatiou of stables may be increased 
by maliiug use of the heat given out by gas-burners used to light them 
up at night, which then allows of rednclug tbe sectional area of the 
ventilatingpi pes. 

145. Cow-houses. — Wbat precedes relates to work-animals. In the 
case of milch-cows, it appears that a certain drowsy Uiziness is favorable 
to the production of milk ; and in sucb cases ic is oeccssar; to limit the 
ventilatiou to wbat is absolutely necessary for health. 

MEANS OF CONTBOL. 

146. Means to be used to determine the condition and the resuits of a 
system of vaitilation. — It has been shown by the numerous examples 
that precede that the establishment of a complete aud regular renewal 
of air in occupied places in reality presents no difficulty, and that the 
rules to be followed are very simple. Their ai)plication will be equally 
so, aud will involve but little expense if architects take care to devise 
plans of ventilation at the same time tbat tUey make the plans for con- 
struction, instead of waiting till the building is almost fiuisbed. 

But when all the arrangements have been made to secure the renewal 
of ait', tbe hrst thing to do is to examine whether tbe desired results 
have been obtained, and the second is to regulate the operation of the 
apparatus. 

To determine what are tbe amounts of air carried off and drawn in, a 
small portable instrument is used, called au anemometer, consisting of 
a wind-mill with light and easily-moved vanea, connected with gear- 
wheels and pointers, which indicate tbe number of turns made by tbe 
vanes in a given time. 

Experiments show that with an apparatus of this kind tbe velocity 
of the air may be deduced from the number of tarns of the wings by 
means of an equation of the form : 

V being the velocity in a second ; 

a, a constant term, expressing the velocity of the air at which tbe in* 

strumeut commences to move; 

b, a constant number ; 

2^, tbe number of tnms indicated in a second. 

Thus, one of the anemometers of the Conservatory has tbe formula : 
V (in inches) = 8.CC + 7 N 

This instrument should be placed, as far as possible, in a part of the 
flue traversed by the air, where the velocity is uniform and well jregu- 
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latc'd. It should be kept in operation at least two mJDutes, if a -watch in- 
dicating seconds he nsed ; andfourorfive, if a watch indicating minutes 
only is employed. From the number of turns made in this interval of 
time may be deduced that corresponding to a second, whence the ve- 
locily, V, may he obtained. This velocity, multiplied by the sectional 
area of the flue, will give the amount of air passiuff tbrough in a second, 
and from tbis the amonut passing through in 3,600 seconds, or an hour, 
can be obtained. 

If it be feared that the velocity in the flue is variable, on account of 
its large size or other circumstances, it will be necessary to try the 
instrument at different places, which will then give with sufQcieot exact- 
ness the mean velocity of the air. 

Wben it is desired to deterniine the volume of air which is carried 
out or drawn in through an opening covered with a gi-ating, the ane- 
mometer should not be placed above or in front of this opening, as is 
done by many observers, and the velocity resulting from the number of 
tarns observed taken as the mean velocity of the air passing through. 
Serious errors will result from this method. The proper way is to place 
before the opening, and fitting to it as closely as possible, a pipe having 
at one end the form of the opening, and joining at the other end a cylin- 
drical pi|>e at least 2 feet long, in which the anemometer should be 
placed, which would then indicate the velocity of passage in this part 
of the auxiliary pipe. The velocity of the air introduced or withdrawn 
in a second or an hour may easily be deduced afterward. 

147. Means of inmring the regularity of the ventilation. — While the use 
of portable anemometers serves tor experimental investigations and for 
the determination of the results obtained by the ventilation, it is not 
sufficient to secure the necessary regularity of ventilation in large estab- 
lishments. 

In such cases it is necessary to introduce much larger anemometers, 
connected with an electrical recording-appiiratus placed in the office of 
the superintendent, or in a conspicuous place where it can he seen every 
hour, or every morning and evening, whether the renewal of air is pro- 
ceeding with regularity and with the prescribed energy. 

This is not the place to describe the apparatus * I confine myself to 
stating that an anemometer of the kind has been employed with suc- 
cess for several years at the Conservatory of Arts and Trades, to insure ■ 
regularity in the ventilation of the lecture-rooms ; and tbat every year 
it works for about five consecutive months without derangemenf, and 
without requiring any care hut the renewal of the solutions in the bat- 
tery two or three times a season. 

A similar anemometer has been in constant operation for several 
months in the ventilating-cbimney at Lariboisifere Hospital, and has 
served to show, every morning, the amount of foul air removed from a 



* 8«e the AnnaU» du Cmucrvatoire, vol. Ti, 1864, p. 341. 
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wing contaiuiDg 106 beds, dnriog the night, and, every evening, the 
aiuouat daring the day. 

Methods of observation of this kind, antouiatic and independent of 
the personal action of the employtSs, are the indispensable adjuncts of 
great ventilating systems, if it be desired that the service be performed 
in a regular manner. They also serve to render the work of inspection 
by the heads of the establishment more easy and efQcient. 



Errata in previona portion of this article contained in the report for 1873: 

In i 31, pp. 30S, 309, for 1,000 cubic feet weigh, read one cubiefoot vreiglis; and for 

n-cightof 1,000 cubio feet, read weight of me evbic foot. 
In { 35, pp. 310, 311, for 0.000075(i, 0.000081, 0.000005, 0.000077, 0.000074, 0.000003, read 

0.075G, 0.081, 0.005, 0.O77, 0.074, 0.003 respectively. 
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[It is considered important to collect all possible iDformatioQ as to the 
location and character of ancient earthworks, which exist in various 
parts of the United States, with a view to classify them and determine 
tbeir distribution in relation to special topographical features of the 
country as well as to different regions. For this purpose the correspond- 
ents of the Institution are respectfully requested to fnruisb information 
as to any ancient remains of this character existing in their neighbor- 
hoods. — J. H.] 

AlVClEiri eSlTES AirO BHELI-KBAPS 07 CAlIFOBiriA. 

Bt Paul Schcmachek. 

During my visit to that part of the California coast between Point 
San Luis and Point Sal, (Map A,) in the months of April, May, and 
June, of 1874, 1 often bad occasion to observe extensive shell-beaps, like 
those I had found about a year previously so numerous along the shores 
of Oregon. These deposits of shells and bones are the kitchen refuse of 
the earlier inhabitants of the coaat regions, where they are tiow found, 
and, though differing from each other in their respective species of shells 
and bones of vertebrates, according to the localities and tbe ages to 
which they belong, they have still, together with the stone implements 
found in them, a remarkable similarity in all parts of the North Ameri- 
can Pacific coast that I have explored — a similarity that extends further 
to the shell-heaps or *' Kjokkenmoddinga'' of distant Denmark, as investi- 
gated and described by European scientists. 

In Oregon, from Chetko to Rogue River," I found that these deposits 
contained the following species of shells : Mytibis Galifomianus, Tapes 
ftaminea, Cardiiim Nuttallii, Purpura laetuca, &c.] eight-tenths of the 
whole being of the species first mentioned. 

In California, on the extensive downs between the Arroyo Grande and 
the Rio de la SantaMaria, the month of which latter is a few miles north 
of Point Sal, I found that the shells, on what appear to have been tem- 
porary camping-places, consist nearly altogether of small sppcimens of 
the family Lueina; so much so that not only can scarcely any other sort 

' Of tbo colIectioDB mada by the writer at that place, the oomplele luid illnstrated 
deecciptioD will be found in the SmithBOoian Report for the jear 1673, p. 3M. 
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*e foond, but hardly even any boaes. My reason for sapposing these 
heaps to be the remains of merely temporary camps, is the small num- 
ber of flint knives, spuar-heads, and other implements foand therein, and 
the total absence of any chips that might indicate the occasional pres- 
ence of a workshop where domestic tools and weapons of war were man- 
ufactured — a something that immediately strikes the accustomed eye in 
viewing regularly well-established settlements. On further examining 
this class of heaps by a vertical section, we find layers of sand recur- 
ilDg at short intervals, which seem to indicate that they wore visited at 
fixed seasons ; those moddiiufs exposed toward the northwest being 
vacated while the wind from southwest was blowing sand over them, 
and, mutatis mutandis, the same happening with regard to camps with 
a southwest aspect while the northwest wind prevailed. It is feir, then, 
to suppose that these places were only the temporary residences of the 
savages to whom they appertained; that they were tenants during 
favorable times and seasons for the gathering of moUusks, which, 
having been extracted from their shells, were dried in the sun for trans- 
portation to the distant permanent villages. The comparatively small 
quantities of shell-remains now found at these regular settlements going 
also to support this theory. No graves have been found near these tem- 
poraiy camps. I discovered, however, one skeleton of an Indian, in con- 
nection with which were thirteen arrow-heads, but it was plainly to be 
seen that thedeath of this person had happened.during some short sojourn 
of a tribe at this place, as the burial had been effected in a hasty and 
imperfect manner, and the grave was without the usual lining which, 
as we shall see, is found in all the other tombs of this region. 

On the extremity of Point Sal, the northern projection of which is 
covered by large sand-drifts, wo find, down to the very brink of the 
steep and rocky shore, other extensive shell-deposits, which, with few 
exceptions, consist of the Mytilus CaUfomianus and of bones ; flint chips 
being also found, though very sparsely in comparison with the mass of 
other remains. The sea having washed out the base of this declivity, 
and the top-soil having, as a consequence, slid down, we see on the edge 
of the cliff shell-layers amounting in all to a thickness of four or five 
feet ; that part closest to the underlying rock appearing dark and ash- 
like, while the deposit becomes betta: preserved as the surface is neared. 
At other places, for example, on the extreme outer spar of this Point 
Sal, the shell-remains have been so conglomerated or cemented together 
by extreme antiquity as to overhang and beetle over the rocks lor 
quite a distance. 

Leaving the temporary camps, we shall visit the regular settlements 
of the ancient aborigines. Traces of these are found near the sontheru 
Point Sal, at a place where it turns eastward at an angle of something 
less than 90°, behind the first small hill of the steep ridge which trends 
easterlyintothecountry, and which, up to this spot, is, on its northern 
slope, covered with drift-sand and partially grown over with stunted her- 
22 S C.OO'jIc 



338 ETHNOLOGY. 

bage, (Fig. 2.) Farther traces of a like kind are to be seen on the high 
blnff between North fmd South Point Sal, (Fig. 3.) Here the shells are 



piled np in shapeless, irregnlar beapa, as they are met in all localities on 
the coast where there were the fixed dwelling-places of people whose prin- 
cipal food coDsisted of fresh shell-flsh ; for in the neighborhood of these 
permaneDt homes the shell-remains were always pat away in fixed 
places, while in temporary camps they were carelessly distribnted over 
the whole surface of the groood. Very vividly did these bleached 
mounds recall to my mind the immense remains of such heaps as I 
had seen in Oregon, on the right bank of the Chetko, as also near N&t-fi- 
odt, and near Crook's Point, Ghetl-fi-shin, close to Pistol Biver. I le- 
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Diembered, also, how I had observed tb&Indians in varions places; for 
example, near Crescent City, on the Klamath, and on the Big LagooD, 
forming jnst snch shell-heaps; two or three families always depositioff 
a the same heap. 




To letnni to Sonthem California. A deposit similar to that of Point 
Sal, althongb much smaller, is fonnd on the left bank of the Santa 
Maria Biver, near its^month. Both at the first-described fixed camps 
and at this place there are to be fonnd tons of flint-chips, scattered 
about in all directions, as also knives, arrow-heads, and spear-heads in 
large numbers. 1 was somewhat disappointed, however, in being nn> 
able to find any graves; sneh nnmecoas heaps indicating the existence 
of important settlements, that should have been accompanied by bury- 
ing-places. I therefore moved farther inland, seeking a locality where 
the soil conld be easily worked, where a good view of the snrronuding 
countiy conld be had, and where, above all, there was fresh water, all 
of which requirements appear to have been regarded as necessary for 
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the locatiOD of an important village. I soon recognized at a distance 
sliell-lieaps and bones, tlie former of which become scarcer as we leave 
the shore. Approaching these, on a spur of Point Sal, upon which a 
pass opens through the coast-hills, and on both sides of which are 
spriugs of fresh water, though I did not sacceed, after a carnfal exami- 
nation, in distinguishing the remains of a single house, I think I found 
the traces of a large settlement' on a kind of saddle on the low ridge, 
^here flint-chips, bones, and shells lie in great numbers. At length 
search revealed to me in the thick ekaparral a few scattered sandstone 
slabs, snch as in that region were used for lining graves. Digging near 
these Fpots, I at last found the graves of this settlement, called by the 
old Spanish residents call Kis-MA.-Li. (Fig. 4.) 
Fig. 4. 
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Here vere bronglit to light about one bandred and fifty skeletons and 
varidas kiuds of implements. The graves were constructed in the fol< 
lowing manner: A large hole was made in the sandy soil to a depth of 
abont five feet ; then a fire was kept in it an til a hard brick-like crast was 
burned to a depth of four or five inches into the sarrounding earth. 
The whole excavation was then partitioned off into smaller spaces by 
sandstone slabs, abont one and a half inches thick, one foot broad, and 
three feet long; in which smaller partitions the skeletons were found. 
One of these slabs generally lay horizontally over the head of the corpse, 
as a kind of protecting roof for the skull, just as I fonnd them at Chetko 
Biver, although in the latter place the graves were lined with split 
redwood boards instead of stones. Snch careful burial is not, however, 
always met with, and must evidently be taken as a sign of the rank 
or the wealth of the deceased ; the more so, as in such graves I usu- 
ally fonnd many atensils, which is not the case with the more care- 
lessly formed tombs, which were covered with a piece of rough stone or 
half a mortar. The slabs above mentioned were generally painted, and 
a piece which I carried off with me was divided lengthwise by a single 
straight, dark line, ftom which radiated, on either side, at an angle of 
abont 60°, thirty-two other parallel red lines, sixteen on each side, like 
the bones of a flsh from the vertebne. In most cases the inner side of 
the slab was painted red. Unluckily the specimen I took with me be- 
came wet, by rain, before I was able to convey it to a place of safety, 
and the previously- well-preserved design was blurred. 

In these graves the skeletons lay on theij backs, with the knees drawn 
up, and the arms, in most cases, stretched out. No definite direction 
was observed in the position of the bodies, which frequently lay in 
great disorder, the saving of room having been apparently the prime 
consideration. Some skeletons, fur example, lay opposite to each other, 
foot to foot, while adjoining ones, again, were placed crosswise. The 
skeletons of females have, instead of the protecting head-slab, a stone 
mortar or a stone pot placed on its edge, so as to admit the skull, which 
latter, if too narrow in the neck to admit the skull, is simply buried 
underneath it. Cnps and ornameDte, both in the case of men and wo- 
men, lie principally about the bend, while shell-beads are found in the 
month, the eye-sockets, and in the eavity of the skull, which latter is 
almost always filled with sand, pressed in through the foramen magnum. 
The skeletons were, in some cases, packed in quite closely, one over 
another, so that the uppermost were only about three feet below the 
surface of the ground. The indications of poverty are very evident in 
regard to these, in the scarcity of ornaments, except, perhaps, when 
they are females, as they are in the majority of cases. I cannot aecept 
the hypothesis that these were the slaves of some rich man and buried 
with their master ; for the lower skeletons were generally fonnd to have 
been distarbed in a very singular manner, sneh as could only have been 
occasioned by a re-opening of the grave after the decomposition of the 
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bodies. I found, for example, a lower jaw Ijlag near its right place, 
but upside down, so that both the apper and the lower teeth pointed down- 
ward ; in another case the thigh-bones lay the wrong way, the huee- 
pans being tnmed toward the basin ; and, in other instances, the bones 
were totally separated and mixed np ; all tending to show that the graves 
had been repeatedly opened for the btirial of bodies at difEereut times. 
Once I even fonnd, npon piercing the bottom-cmst of a sepnlchre, 
another lying deeper, which, perhaps, had been forgotten, as the bones 
therein were somewhat damaged by fire. Plenty of charcoal is foond in 
these tombs, usnally of redwood, rarely of pine, and I coold not deter- 
mine any third variety. Sometimes there were also discovered the re- 
mains of posts &om three to six inches in diameter, and of split boards 
about two inches in tbichness. These are probably the remains of the 
burned dwelling of the deceased, placed in bis grave with all his other 
property, after the fashion I observed in Chetko last year. 

I examined other graves resembling those described at Point Sal. 
These others are known by the name of T8-mS-tS-ti. They lie abont 
fourteen miles north of the Point Sal graves, and are situated on the 
right bank of the Arroyo de los Berros, opposite to the traces of former 
settlements about seven miles inland. These tombs only differed from 
those of KSs-mfi-tl in not being lined with the thick bumed brick-like 
crnst mentioned above, but with a thin light-colored crust, slightly 
bumed, and not more than a quarter of an inch thick. 

To these graves I paid a second visit, hoping to obtain more material, 
having been there only a very short time at my first visit Bat the 
proprietor of the land disappointed my desires, for he appeared, in spite 
of my scientific explanations, to be inclined, according to squatter- 
fashion, to prevent, with his rifle, my visit to the land, to which he pos- 
sessed no title. These were the graves where I found the bronze cup, 
and a buckle of the same materi^d, which later, I am sorry to say, was 
unaccountably lost. I had hopes to discover more of such articles, 
enabling me to trace the connections of these people. The location of 
this village is rather hidden ; it is situated on a small plain between a 
bluffy elevation on tbe left bank, and the rather high and wooded right 
banks of the Los Berros Creek. X could plainly notice tbe excavations 
where houses had formerly stood, and particularly the large sweat- 
honse. 

In company with the well-informed and industrious antiquarian. Dr. 
W. W. Hays, and Judge Venabel, of San Luis Obispo, I explored 
another aboriginal settlement known by the name of Nl-pS-mO. It is 
situated on tbe large ranchoof like name, about eight miles inland, and 
distant abont a mile and a half from the Nipomo Banch House, occn- 
pied by the hospitable Dana brothers. These graves are also in sandy 
soil, near a former settlement, the existence of which is well marked by 
quantities of flint-chips, fragments of tools, bones, and a few shells. 
Only abont three hundred yards from the graves, and nearly In a 



SCEUMACHEE — ^ANCIEKT GEAVBS IN CALIPOBNIA. 343 

straight line with them and one of the hoases of Nipomo Ranch, there 
ig a large spring of good water, snixounded by willows. These graves 
were indicated hy an elder-busb, a plant which I always fonnd near the 
grares, or in the neighborhood of ancient settlements. 

Lastly, I examined the W^rlg-khe settlements, (Fig. 5.) I hesitated 
to undertake the trip to these graves, becaase I only had fonr days left 
before the departure of the steamer ; and consegaently I woald only 
have abont six hours remaining for work. But, as I supposed this 
country offered much of interest to the explorer, I made only the fol- 
lowing examination : 

About twenty-five miles from the mouth of the Santa Maria Biver 
the Alamo Greek empties into it, discharging a large amount of water. 
Following the wide bed of fhe Santa Maria for about seven miles f^her 
up stream, we reach a smooth elevation, which at this place rises about 
sixty feet above the bend of the river, and which trends in a curve 
toward the mountains on the right bank. At the farthest end of this, at 
a place where a fine view over the whole valley is had, weflnd the traces 
of the ancient village, now known as W^-lS-khe. A short distance from 
the former dwellings, on the highest point of the ridge, an excavation 
marks the spot where once a house stood, probably that of a chief. 

I started from San Luis Obispo to visit this place, passing by the 
remarkable tar-springs, which are situated at about a distance of eight- 
eeo miles from the town. Near them I found traces of what had formerly 
been a large ditch. As before stated, I bad not time to make thor- 
ough examinations, yet I found that the ditch was still three feet wide, 
and entered the creek some miles above the tar-springs, on the banks of 
which creek the said springs are found in different places. Kear the road 
I observed, in the middle of the ditch, an oak-tree, measuring twelve 
inches in diameter, and which plainly had taken root after the abandon- 
ment of the ditch ; for it was not torn up, as would have been caased 
by the running water, but was at this place well preserved. 

I also visited Ostion rancbo, (sometimes called £anchito,) at which 
place there are extensive beds of oyster-shells, and also some other 
species of shells, among which are prominently Tapes. At one place, 
about fifty yards from the right bank of the Arroyo Grande, the shells 
are closely packed and bound together with coarse sand, forming qnite 
an ext«nsive bluff. I collected a few specimens, which I presented to 
the California Academy of Sciences. 

At the place where Alamo Creek empties into the Santa Maria Blver, 
on its left bank, I found several earth-works, and they appeared to me 
to have been built on this level but elevated spot, the entrance of the 
valley, for defensive purposes. During my hasty examination I could 
not discover any place where a house might have been, nor any graves, 
but nevertheless I incline to the belief that near this place had been an 
important settlement ; for Alamo Creek has better drinking-water than 
the Santa Maiia Biver, and its width and the adjoining country form 
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quite a picturesqne landscape, which, together witb the excetleot hunting- 
ground, is really most JDvitiag for a settlement. Probably, on closer 
examinatioD, tbe remains of a settlement might be found in the plain on 
the right bank, where the elder-bnshes give welaome shade to man and 
beast. I have no doubt that the banks of Alamo Creek and the sur- 
rounding country will yet yield many remains of former settlements, 
as also the banks of the Santa Maria Eiver and its tributaries, where, 
besides the settlemeut of waiSkfie, which I explored, there are two 
others, known to the ever-roving Vaqueros. 

With regard to the general character of the domestic utensils, arms, 
and ornaments which I found in examining about three hundred skele- 
tons in the graves of KSs-mil-li, Tfi-mS-t6-tI, Ni-pC-mO, and Waig-khfi, 
they all resemble each other very closely, seeming to show that their 
possessors all belonged to the same tribe. First of all^ the large cooking- 
pots attract attention. They consist of globular or pear-shaped bodies, 
hollowed ont of magnesian mica. The circular opening, having a small 
and narrow rim, measures only five inches in diameter in a pot with a 
diameter of eighteen inches. TSeax tbe edge of tbe opening, this vessel 
is only a quarter of an inch thick, but its thickness increases in a very 
regnlar manner toward the bottom, where it measnres about one and a 
quarter inches. Made of the same material, I found other pots of a 
diflerent shape, namely, very wide across the opening, and narrowing 
toward tbe bottom. With these I have also now in my possession many 
different sizes of sandstone mortars, of a general semiglobular shape, 
varying from three inches in diameter and one inch and a half in height 
to sixteen inches in diameter and thirteen inches in height, all external 
measnrements, with pestles of tbe same material to correspond. There 
were, further, quite an assortment of cups, measuring iVom one and a 
quarter to six inches in diameter, neatly worked out of serpentine, and 
polished. Tbe smallest of these was inclosed, as in a doubly-covered 
dish, by three shells, and contained paiot, traces of which, by the way, 
were found in all these cups, from which we may suppose that they 
were not used for holding food. 

Neither spoons nor knives were found in these graves. I got, how- 
ever, three beautiful serpentine pipes, shaped like cigar-holders, mnch 
stronger than, but similar in shape to, those found in Oregon. Hot 
many weapons were picked up here, only a few arrow and spear heads; 
these, however, were mostly of exquisite workmanship. A spear-head 
of obsidian, five and a half inches long, was the only object I found of 
this material J another lance-point of chalcedony, nine and a half inches 
long and one and a quarter inches wide, was beautifully shaped and 
carefully made. 

A remarkable object is a bronze cup which was found at T6-m6-tB-ti. 
It was filled with red paint, and contained also the pretty paint-cup in- 
closed in the three shells mentioned before. I also found in tbe same 
grave, a Spanish coin of the last century, and a bronze •-— ^'- 
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^hich latter was lost. Tbe bronze cap, tbe coin, and a pot of burnt, 
coarse, sandy clay which was fonud at Kl-pS-mo, and also a few remains 
of corroded iron knives, found in the three graves, tell us of the last 
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Most of the object* wore found perfect; and those which were not, bad 
been broken by the pressure and shifting of the soil, as conld easily be 
seen from their position. It is, therefore, certain that tbe bulk of tbe 
property buried with a person was not purposely broken nor destroyed, 
the same thing being true of my inveatigationB in Oregon. I even 
found mortars and pestles which had been repaired and cemented with 
aaphaltum. The richer occupants of the graves bad shell and glass 
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beads io great mimlters, sickle-shaped ornaments of the abalone {halMia) 
shell, aud an orDament resembling dentalium, bat made of a large clam- 
shell, strewed about their heads. ^ 

Daring m; explorations I also diligently searched for caves which 
might have been inhabited and from which important information might 
have been obtained. But in these investigations I did not meet with 
much success, partly becanse 1 bad not the time necessary at my dis- 
posal, for scarcely had I got to a place where they existed, when my duties 
demanded my attention and obliged me to give up the exploration. I 
could, therefore, only designate on my map the place which I might, with 
some degree of certainty, suppose to be a formerly-inbaliited cave, so 
as to facilitate later investigations. Once I was obliged to suspend 
work at Point Sal for a whole week on account of thick fog. I had time, 
however, to search iu the gorges and rocks, hoping to find ethnological 
objects. I discovered and opened at that time the graves of KSs-m^lij 
and not far off the cave, (Figs. 4 aud 6.) But I was rather disap- 
pointed, when, after clambering through and over almost inaccessible 
places, I reached the cave, and found that it was only eight by four feet 
wide and eight feet high; and tbat there were in it only one pestle, with 
many oyster-shells, bones, and teeth. The floor was formed of stratified 
brown ash-like soil, in which were the above-mentioned objects. The 
circular entrance to the cave measured three feet in diameter. On the 
right-hand side of the entrance was a niche which had evidently been 
worked out of the hard but cracked sandstone, and was large enough for 
one person to sit comfortably therein. Toward the back part, the cave 
has also been worked out, so that a person might lie down stretched out ; 
that is, I found that I could comfortably occupy these positions, although 
I am seventy-three Inches in height. The whole cave, it appears to me, 
has been artificially made with a chisel. I did not examine the articles 
which it contained very closely, aud must, therefore, refer to tbe col- 
lection itself. For the same reason, I have not said much about all the 
other objects of the collection, but refer for more particulars to the fol- 
lowing catalogue aud to the cbllection Itself. 



CATALOGUE OP IMPLEMENTS FOUND IN THE DIFFERENT GEAVES. 

1. Gup for preparing paints, together with an egg-shaped grinder, I^o. 

42. Kes-mS-li. 

2. Mortar for preparing paints ; found with red paint in bronze vessel. 

TS-me-te-ti. 

3. Mortar, soft gray sandstone. Ni-pO-mO. 

4. Mortar, hard gray sandstone. HS-pO-mS. 
6. Mortar, soft gray sandstone. Ki-p6<mo. 

6. Paint-cup, dark stone, was found, together with tbe pipe. No. 46. 

S.' 

• N = JSI-pft-mO J K, KSs-idS-U ; T = TS-in6-tS-« f W = Wa.l6-kbft-_, 
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Mortar, 




K. 


8 


Mortar, 


perfect. W. 




9 


Mortar, 


N. 




10 


Cup made of talco-slat^. N. 




11. 


Mortar, 


from graves at the month of San Luis Obispo Creek 




map A.) 




12. 


Mortar. 


N. 




13. 


Mortar. 


N. 




14. Mortar. 


N. 




16. 


Mortar. 


T. 




16. 


Mortar. 


■N. 




17 


Mortar. 


K. 





18. Mortar, repaired with aspbattam. W. 

19-22. Mortar-halves, as found protecting sknlls, (mostly of females,) 
S, K, and T. 



23. Pot of magnesian- 
21. Pot of magQesian- 

25. Pot of magnesian- 

26. Pot of magnesian- 

27. Pot of magnesian- 

28. Pestle, sandstone. 

29. Pestle, sandstone. 

30. Pestle, Bandstone. 



mica, pear-sbaped. W. 
mica, wide opening. W. 
mica, globnlar. N'. 
mica, globnlar. S. 
mica, globular. T. 



N. 

31. Pestle, well worked, found in cave at Point Sal. 

32. Pestle, fragment N. 

33. Pestle. N. 

34. Pestle. N. 

35. Pestle, £ragment. 

36. Pestle, repaired with asphaltum. T. 

37. Pestle. W. 

38. Pestle. N. 

39. Doubtful, at the shell-beaps. Point Sa!. 

40. Flesher, (dressing skins.) Point Sal. 

41. Whetstone. K. 

42. Egg shaped pestle, (to cup No. 1.) K. 

43. Egg-shaped pestle. K. 

44, 46. Arrow-shaft polisher. If. 

46. Pipe. N. 

47. Pipe. N. 

48. Pipe. K. 

49. Amulet, (serpentine.) K. 

50. Fossil, vertebra of (?) K. 

51. Pot of burnt clay. N. 

52. Cup of taleo-slate. K. 

53. Bronze cnp. T, 
64-66. Sknlls. K. 
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Skull No. 57 supposed to be of a white man, mid was fouud, 
with the rest of the bones, amoog tUe rubbish of a shell- 
heap at Point Sal. 
67-70. Skulls. N. 

71. Skulls. W. 

72. Bones. W. 

73. Slab, of which the linings of graves, in most cases, consisted. IT. 

74. Shell-omamcnts. TS. 

75. Teeth, shell-heaps. Point Sal. 

76. Cup covered with three shells. T. 

77. Glass beads. N. 

78. Shell beads, (dentalinm-like.) N. 

79. Ornament. ]?otnt Sal. 

80. Plate, (fragment.) N. 

81. Plate. N. 

82. Plate, {machine-drilled hole.) K. 

83. Beads made of shells. K. 

84. Bone(-bow !) shell-heap. Point Sal. 

85. Hair, &c. 

8C. Bill of a bird, found in the mouth of a skeleton. S. 

87. Red color, found in a yoi, 

88. Beads of serpentine and shell. K. 

89. Mortar, (ornaiuental ?) N. 

90. Rim of a bowl of serpentine. N. 

91. Seed found in a pot. K. 

92. Arrow-heads found with skull So. 105, on a temporary camping- 

ground, as remarked in the text. 

93. Ear-oruaraents. S". 

94. Shell ornaments. K. 

95. Seed found in a pot. 'S. 
9ii. Abaloue ornaments. N. 

97. Abalone found in excavity of brains. K, 

98. Crystals of quartz. N. 

99. Shell ornaments, (dentalium-like.) K. 

100. Cave results. 

101. Bead of shell, finely finished and carved. K. 

102. Shell ornaments. 

103. Wall of grave. K. 

104. Skull, animal, found on shell-heap. Point Sal. 

105. Sknll found on temporary camping-ground, as mentioned in text. 

with arrow-heads, Ko. 92. 

106. Spear-beads and arrow-points. N. 
107, 108. Lance-heads. 

109. Knives, as found especially on temporary camping-grounds. 

110. Ornaments of serpentine. S. 

111. Stone blade. N. 
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112. Pestle, on shell-heaps. Point Sal. 

113. Black paint, (T) found in pots, and often strewn abont the skalls. 

114. Knives, arrow-heads, &c., as foand on surfkce near month of Santa 

Maria River and other places, with indications of a formerly- 
permanent camp. 

115. Bed paint. 

116. Coin. 

Beuabk. — The name of the grave was attached to the article when 
exhnmed, and the place described when it was foand on the sorface. 



iCCOUNI OF THE BUBIAt OV AK IKDIAN BQHAW, 8A1I BKBirABDINO C0VK1T, 
CAiirOBNlA, MAT, 1811. 

By W. M. King. 

The body, cleanly washed, was dressed in its best clothing. Outside 
of the clotbing, and confining it to the body, was a bandage, apparently 
a sheet, torain half. The feet were covered and bound together, the arms 
confiaed to the side, and the face covered by a bandage. The body 
tbns prepared waslaid nponthegronnd, whUethemen of the party dug 
the grave. While the grave was being dug, an old squaw danced slowly 
once round the body, singing iu a wailing tone, then seated herself at 
its head, and continued her siuging and wailing, sometimes breaking off 
and addressing the corpse, at the same time patting its head with her 
band. The grave being completed, the body was lowered into it, its head 
toward the sonth. The personal effects of the deceased were placed be- 
side her. These consisted of a bundle of bed-clothing, several small 
bundles of calico, various tin cups and pans, a table-knife and spoon, a 
frying-pan, and, lastly, a small quantity of live ashes was thrown in 
and the grave filled op. A fire was then lighted on top of the grave, 
the squaw who acted as chief mourner gathering the sticks. She also 
threw OB the pile a number of platter-shaped dishes or baskets of plaited 
grass, which were burned. When the fire had bnrned itself out, the 
squaw above mentioned advanced and broke an oya^ or water-cooler, 
on the grave, by violently dashing it on the ground. The party then 
dispersed. 

A day or two afterward the house in which the woman died was pur- 
posely burned. The dishes and oya that were destroyed showed signs 
of long use, but were still perfectly serviceable. During the burial, no 
signs of emotion were shown by any of the party, either men or women, 
except by tlie squaw alluded to. ' 
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ANClEIfl MOOITDS OF HERVEB COITNTI. IlLIHTOIB. 
Bt Tylbr McWhobter, of Albdo, III. 

It may be approximately eatimated tbat there are more than a tboa- 
sand iQoundB iu this conQty, yet persons who have not directed their 
atteotioQ to tbe subject would not suppose half tbat number to exist. 
These mounds are generally not such as to attract very special observa- 
tion, not being of the larger size, the principal groups are very much 
fattened down by time, and seem to relate to a more remote antiquity 
than such as are more conspicuoas. 

These mounds are all located iu the portion of the county bordering 
on the Mississippi Biver. This fact, that the western mounds are univer- 
sally found on lands adjoining tbe rivers, suggests tbe inference that 
tbe race who erected them procured their subsistence mainly from tbe 
water, or tbat the bottom-lands, of tbe rivers constituted their principal 
hunting-grounds. 

The largest group of mounds in this county is found iu Eliza Town- 
ship (township 15 north, range 5 west,) on high timbered land, about a 
mile or so back of tbe Mississippi bluffs. In this group may be found 
over two hundred mounds within the distance of a mile. This group 
seems to be of great antiquity, and is quite flattened down by tbe ele- 
ments — only rising a few feet above the general level. Probably succes- 
sive forests have grown and passed away since they were constructed. 
Only a few have been opened, and these revealed only beds of ashes 
and a few stones. But what seems strange, traces of ashea are often 
found mixed with the earth of which tbe mounds are composed. 

In tbe immediate vicinity are also found obscure lines of old embank- 
ments that seem to relate to the same age as the mounds. 

On the bottom-lands of the Mississippi, not f^r from the foot of the 
bluff, in the same township, are found a few mounds of a very distinct 
character. They rise up with quite an abrupt elevation, and are mani- 
festly of a much more recent date. Presuming that the more ancient 
mounds, in the high timbered lands, at some former time had the same 
abrupt elevation as these, it manifestly must have required many years 
to reduce them by atmospheric action to their present flattened condi- 
tion. From this apparent difference in the antiquity of the mounds, it is 
evident that the race or races who erected them continued to inhabit 
this country for a considerable length of time. In these more recent 
mounds human bones have been found with the usual accompaniment of 
ashes and stones. Also, in one of them a stick of wood was found, 
about eight inches in diameter, in a horizontal situation, a Uttle to one 
side of the center of the mound; it was in quite a sound condition. 

As no depressions of greund are ever found iu the immediate vicinity 
of mounds, it is often difficult to conjecture where the earth was ob- 
tained of which they were constructed; but there is a circumstance 
in connection with the more recent mounds tbat seems to have a bearing 
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on this qnestion. Tbcre ia a considerable space of ground, nearly two 
haodred yards distant, nbere it seems manifest tliat the upper stratum 
of the surface soil has been carried away. A uniform npper stratum 
of soil is common to a large extent in this bottom-land, but iu this one 
spot this layer ia gone. It seems, therefore, probable that the earth of 
which these mounds were constructed was all carried from this place. 
An approximate estimate of the cubical quantity of the snperficial earth 
removed from this depression, corresponds closely to what seems to 
have been the original quantity in the recent mounds. It is difficult to 
understand what motive could induce human beings to impose on them- 
selves such a task as to carry such an amount of earth two hundred 
yards. But if the amount of material necessary to erect these mounds 
had been taken from any immediate piece of ground on this uniform sur- 
face, some depressions would have remained as evidence of it. But at 
the distiince of two hundred yards we &nd this depression, which is 
nearly as hard to accoant for by any natural process as it would be to 
explain the mounds themselves by natural agencies. 

There is another quite extensive range of mounds in the same town- 
ship, on grounds bordering a stream of water called Eliza Creek. So 
far as I have observed, this group seems to relate to a very ancient 
period of time. Few of the mounds, to my knowledge, have been opened. 
I am told that traces of ashes have been found in them, and, in some 
of them, human remains in a much decayed condition. 

Another very extensive range of mounds is located in the township 
of New Boston, which is the next township south of Eliza. These are on 
the south side of the Edwards Kiver, where this stream winds its course 
across the higher bottom-lands of the Mississippi. The ground of these 
mounds has been nnder cultivation for many years, hence but obscure 
traces of them now remain. Their location was on the open prairie, 
about a half mile from the timber-grounds bordering the Edwards. 

Broken pottery, pipes, and some implements were, found by early 
settlers in the vicinity of these structures ; bnt I have been nuable to 
learn with certainty whether these were disinterred from the mounds 
themselves. 

There is, however, one circumstance in connection with this group 
of eartliworks that should not be passed unnoticed. Between them 
and the Edwards is a long range of depressions in the ground. This 
range of depressions runs nearly parallel to the range of monnds, and 
is about forty rods distant. The size of these hollows seems to cor- 
respond very nearly with the size of the adjacent monnds. The con- 
jecture seems unavoidable that from each of these depressions sufficient 
earth was carried to construct a single mound. These excavations 
have no raised borders to indicate that the earth was merely thrown 
out; they indicate that so much earth has been really taken away; and, 
farther, I learo tbat the number of these depressions correspoads quite 
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Dearly with the number of tbe adjacent mounds, being about one lion- 
dred and fifty, 

Another considerable group of mounds is located in the same town- 
ship of TTew Boston, several miles farther up tlio Edwards, on Iiigh 
terrace-groiind, alwut a half-mile from tbe stream. This group was 
entirely away from timber, the situation being formerly covered with 
grass. For many years the ruthless plow has been leveling down these 
ancient memorials, and fields of grain have long waved over the asbeb 
of a by -gone race. 

On the south side of Pope Creek, near where the valley of this stream 
cuts through the Mississippi Bluffs, is quite an extensive group of mounds. 
Some of them are high up on the brow of tbe blnffs. Nothing that I 
can learn distinguishes this group from others already spoken of. 
Human bones have been found in some of them. . 

The next, and last, group of mounds to which we would call attention 
is about twelve miles from tbe Mississippi River, being the most remote 
from that river of any group in the country. It is situated near 
the north side of the township of Millersbnrgh, on the high-timbered 
division between the Edwards River and Camp Creek, Ashes and some 
much-decayed relics of human skeletons have been found in the few 
that have been opened. Some traces of ashes were found in the earth 
above the human remains. 

I have made diligent inquiry of all the oldest settlers, and am unable 
to learn that any monnds are to be found in the eastern portion of the 
county, except that two or three isolated ones, which are reported to be 
far up the Edwards. These I have never seen. 

Shell-heaps. — Before closing: this paper, it may be proper to state 
that formerly very large shell-heaps existed on the high, sandy bank of 
the Mississippi, immediately below Sew Boston, But it seems more 
probable that these heaps of kitehen-refuso relate to the subsequent 
Indian race, and not to the mound-builders. Though these shell-heaps 
are in a considerable state of decay, enough remains of them to show that 
tbe shells belong to the present species of our rivers. Broken pottery is 
found about these heaps, and collections of burned stones, indicating old 
camp-hres; also, abundance of flint-chips, and some broken arrows, are 
found here, to indicate that flint- implements have beeu manufactured. 
A careful inspection of these flint-chips leads to the conclusion that the 
flint of which these implements were made was obtained from what is 
called the " chert- bands" of the Burlington limestone. This formation 
crops out along the Mississippi, about forty miles below this place. 
Probably the material for the manufacture of these implements was 
brought up the river in canoes. 
23 s 
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ANTIQUITIES OP WHITESIDE COVNTT, ILLIirOlB. 

By W. H. Pratt, op Da^'Enport, low*. 
Correeponding Seorelary Daamporl Academy Natural Sciences, Davenport, lotca. 

On the eaetem bank of the Mississippi River, in Whiteside County, 
IlliDois, is situated the village of Albany. Over the bluffs in the aeigb- 

' borhood is a growth of yonng oak trees, the largest of which are ten or 
twelve iuches in diameter. On the bluff and the slope toward the river, 
about a mile south or sonthwest of the village, scattered irregularly over 

• an area of about one-fourth by three-fourths of a mile, are fifty-one an- 
cient mounds, the positions and dimensions of which I have approxi- 
mately determined, having spent several days in Angust of this year, 
1S73, in the exploration in the interest of the Davenport Academy of 
^Natural Sciences. 

A general view of the whole is represented in the accompanying plan, 
(Fig. 1.) 

The land is owned by Mr. Samuel Rosenkranz, of Albany, who kindly 
allows the exploration and excavation of the mounds without restriction, 
except the reservation of a few of the most prominent. A few other 

■■ mounds are said to exist not far distant to the northeast, but I have not 
seen them. It is also stated that two or three were removed some years 
since in making the grade of the Western Union Railroad, which passes 
close by the monnds, between them and the river. Over the area above 
mentioned ihe young timber has been mostly cut off, and on the higher 
portions evidently very few trees have ever existed. The soil is almost 
entirely sand. The high land or bluff terminates abruptly to the south- 
ward in a bold, narrow point. 

A position on one of the highest monnds, some of which are sitnat«d 
on this point, commands one of the broadest views to be found in the 
whole Mississippi Valley, with a sweep of more than half a circle, in- 

: eluding the river and valley, an<l islands to the north and west and south- 
west; and to the south and southeast the " Dosia," as it is commonly 

- called, or " Maredosia Slough," or, as it was originally named, the " Ma- 
rais WOgie^ an ancient channel of many miles in extent, connecting the 
Rock River with the Mississippi. In this the current Hows in either 
direction from the higher toward the lower of the two rivers atdifferent 
times. The " slough" is a broad marsh, nearly dry during a dry season, 
and is believed to have been once the channel of a part of the Missis- 
sippi, which divided at this point, and re-united at the present mouth of 
Rock River, forty miles below. The location is one of rare beauty, and 
has doubtless been for ages, as it is now, a favorite resort of hunters. 
The high point above mentioned is a narrow and rather abrupt sand- 
ridge, formed doubtless by tlie action of the current when the Father 
of Waters occupied the entire breadth of the valley. 
There is nothing in the relative position of the tnmali] as will bo 
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readily seen b; reference to the diagram, to indicate any arrangement 
or design whatever, except to construct' tliem where it could be done 
with least labor, by taking advantage of the ridges and slight elevations 
of loose and sandy soil. The structures vary in height from two to 
twelve feet, the diameter being five or six times the height. They are 
usnally circular, only four or five beiug elliptical, the I'^ngth of these about 
double the breadth, and the longer diameter being parallel with the 
river. The outline of surface is such as would naturally result from a 
rounded heap of sand or loose earth exposed for ages to the action of 
the elements, the surface being protected bj such grasses, plants, bushes, 
or trees as the soil would produce. The exact height and disimeter are 
consequently difficult to determine, but it would appear that they had 
originally been from four to fifteen feet in height and perhaps four 
times those measures in diameter. 

All of the largest mounds and several of the smaller are upon the 
high ground, from one hundred and twenty to one hundred and 
fifty feet above the river. The rest are on the slope betweeu it aud 
the river. I selected for examination one of several similar mounds, 
wliieh were situated in a row parallel with the river, and but a few rods 
northwest of the sandy ridge, at some fifty feet lower level, and on 
ground sloping gently toward the Mississippi, which is distant about 
one fourth of a mile. This mound is marked 1 on the plan. It was about 
four feet high and twenty-flve in diameter. On the top was the stump 
of an oak tree, five inches in diameter. This mound is composed, as are 
the most of those which have been ox>ened, of a loose fine sand, with 
here and there a stone of two or three pounds' weight or more, of the 
Niagara limestone and the sandstone common in this region, many of 
them evidently having been subjected to the action of fire before they 
were placed there. No floor, wall, or internal structure of any kiud was 
found, and the same is the case in almost all instances in this district. 

Making an excavation from one side and toward the middle, on reach. 
ing a depth of six feet from the top, a quantity of human bones was 
discovei'ed lying about, in the center of the mound. Seven adult and 
one child's skulls were exhu med, the latter falling in pieces as soon as it 
was removed. The adult skulls were more or less crushed and distorted, 
and some portions entirely decayed ; two of them, however, were secured 
in tolerably good condition, one containing thirty-two sound teeth, the 
other wanting but two or three. Many teeth were found with fragments 
of decayed jaw-bones, and it is very evident that, whatever the troubles 
and trials to which their possessors were subject, that plague of modern 
times, the tooth-ache, was one "from which they were pretty much 
exempt. 

The crania have apparently been subjected in life to no artificial dis- 
tortion nor compression, except, possibly, some fiatteuiug of the occipital 
region, such as is said to be prodnced by the position and manner in 
which some tribes confine the infant to'a cradle-board. This seems the 
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more probable, as it ia observed that the childrea's skulls found here 
exbibit the same peculiarity in a more marked degree ; the adults having 
probably partially outgrown its effect. The heavy, superciliary ridge, 
retreating forehead, and protruding and very wide jaws, and great bi- 
mastoidal diameter, as compared with the bi-parietal, are indicative of 
physical rather than of mental or mor^ capacity. 

The accompanying description, with table of measurements by Br. 
Farqubareon, will abundantly show such prevailing peculiarities as 
fully identify them as skulls of genuine " mound-builders." 

As x>ortions of ail parts of the skeleton are found, it would appear 
that the whole of esicb has been deposited there, though thrown in 
rather "promiscuously." The heads were nearly all lying in the same 
direction, southward, in some cases in contact with each other, and the 
other parts so intermingled and decomposed as to make it impossible to 
trace any one skeleton, or to determine to which one an individual bone 
belonged. Many of the small bones and the softer portions of the 
larger ones are entirely gone. The best-preserved skeleton. No. 3, was 
lying stretched out in a horizontal positiou, with the face upward, and 
was a few inches above the rest, and, of those which were piled in 
together, one was lying on its right side. 

The sand below, above, and around the bones presents the same uni- 
form appearance, from a yellowish-gray to a reddish-brown color, except 
that that immediately about them is usually a little darker ; and occa- 
sional irregular and uneven streaks of rather darker sand are found, 
as if some loads or parcels of the earth of which the heap is formed had 
been partly of a dirtier surface-soil, and had been thrown scattering " 
over the surface and then covered with cleaner sand. A few of the most 
southern mounds,where the earth is gravelly,are composed of sand and 
gravel, showing that, as in the other cases, they are built of the mate- 
rial nearest at hand. 

It would appear that the process of interment had been a very sim- 
ple one, viz, selecting a spot where the earth was loose, sandy, and 
easily removed ; scraping away the earth to the depth of a foot or two, 
then carelessly depositing a few bodies, or rather. perhaps a few skele- 
tons, collected possibly from elevated scaffolds, trees, or other positions 
where the bodies bad been previously placed; then replacing the sand 
which had been removed, and adding enough from the surrounding sur- 
face to raise a heap of such dimensions as the inclination to manual 
labor and the respect for the deceased would prompt. The position of 
the skeletons is a pretty certain indication that the bodies were not in- 
terred one at a time, as that could not have been done without in each 
instance entirely uncovering those previously buried, the skulls being 
in some cases in contact with each other. 

In this mound no relics, such as weapons or implements, were found, 
except a very small fragment of pottery in the earth, about a foot from , 
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tLe surface, and an arrow-head of very peculiar form, which wa8 lying 
among the bones. 

Fig. 2. 




In November, several members of the academy visited the locality 
for the purpose of further exploration. On this occasion three more 
mounds were opened under the direction of Mr. A. S. TiflEimy, who spent 
the previous day in making preparatory excavations, so that considera- 
ble search could be made in a few honrs. He opened the mounds 
marlied 2, 3, and i on the plan. Nos. 2 and 3 were similar in all respects 
to No. 1. 

In No. 2 nothing was found except a few bones, the remains probably 
of only two or three bodies, very much decomposed, and a few teeth, of 
which only the crown remained. In No. 3, at the depth of six feet from 
the surlace, were found the skeletons of four adults, lying stretched out, 
face npward, two with heads toward the east and two toward the west. 
The four occupied a space of about four feet in width. Two children had 
also been buried there, perhaps at a later date, but their position could 
not be well ascertained. One of the skulls (skull No. 6) from this monnd 
waa obtained in a very perfect condition, except that most of the teeth 
are wanting. In this mound were discovered, lying immediately above 
the skeletons, several relics of considerable interest, viz, a plate of mica, 
about three hy four inches and one-eighth of an inch thick, with several 
notches in the edges j a small lump of galena, surface much carbonized, 
and the comers worn, apparently by handling; a dove-colored flint 
arrowhead, very finely wrought, sharp, and smooth, (No. 2 ;) Beveral 
flakes of white flint; and a strangely-formed bone implement, charm, 
nasal ornament, or whatever it may have been, (No. 3.) It is a frag- 
ment of a marrow bone, four and a half inches long, and one and a 
quarter wide at the middle, tapering nearly to a point at the ends, one 
of which is more pointed than the other, and much curved edgewise. 
Close to the edge, at the convex side, at the widest part of the bone, 

C,oo;;lc 



PRATT ANTIQUITIES OF ILLINOIS. 359 

are fonr boles, about one-eigbth of an inch in diameter, but differiug 
slightly. They have the appearance of having been drilled with a tool ■ 
uot much, if at alt, tapering in form, and with a square cntting-edge, 
which was not worked entirely through, as there remains in each hole, 
on the inner side, a little etlge which is not quite cut away. Across the 
bone, near the larger end, are two rows of boles — iive and six in a row — 
one-tenth of an inch or less in depth, drilled with some round-pointed 
instrument. One curved line is cut across, as shown in the fignre. 
The article seems much worn by handling. What was its use, we can 
scarcely conjecture ; and some Indians (Sacs and Foxes) to whom it has 
been shown, can give no clue. 

The mound numbered 5 on the plan is litte the others in material and 
structure, except that it is much larger, being about sixty feet long, 
thirty feet wide, and seven feet high. In this mound an escavation 
was made in the middle, only about five feet square, which we hope to 
work out more thoroughly at another time. 

About two feet below the surface was found a mnch-decayed frag- 
ment of the "shin-bone" of some mammal, possibly the bison; and a 
, little deeper, two fragments of pottery, parts, apparently, of the same 
vessel, and bearing impressions on the outer surface of some kind of 
woven or matted fabric. At the depth of nine feet was discovered a 
large and remarkably well-preserved skeleton, almost entire, wanting 
only a few of the very small bones, fingers, and toes, and the more per- 
ishable portions of a few of the larger ones. 

The skull (No. 6) is in tolerably good condition, and contains the en- 
tire set of sound teeth. The pelvis was obtained almost perfect, which 
was the case in no other instance. This slieleton, also, was lying at 
full length, with the face upward and head to the east, in the direction 
of the transverse diameter of the mound. 

Immediat«ly sonth of this was another skeleton, and over these some 
others, all in a less perfect state of preservation than the one first men- 
tioned, and the bones somewhat intermingled with it and each other. 
One was that of a child of ten or twelve years. Close to the skeletons, 
and immediately north of the first named, were a number of stones 
lying, whether by accident or design, in a very irregular row, probably 
accidental. Among the human bones was a piece of the lower jaw of 
the deer or elk, containing four molars, all well preserved. 

So far as our observations go no metallic articles of any kind are 
found there, though it is reported that some years since a copper knife 
was taken from one of the mounds. 

Many of the mounds have been opened and partially explored by cit- 
izens and visitors in search of curiosities, and of late such visits are 
more frequent than ever. That these structures were merely burial- 
places and nothing more, is evident from the fact that, ordinarily, there 
is in them no trace of floor or roof, and no charred wood or bones, or other 
Indications of fire. 
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Some estimate of tbe origiaal maximnm beigbt of these tatnuli may 
be formed from tbe observation that sandy earth, each as tbat of which 
tbey are composed, will not remain in position on a slope of more than 
W^ from tbe horizontal ; tbej conld not, therefore, have been higher, 
even if raised to a point at the apex, than two-fifths of the width at the 
base ; and tbe very first rain or wind would reduce them considerably. 
As they are now, they would probably remain, with coutoar unchanged 
by tbe action of the elements, for a thousand years to come. 

In one of the largest mounds, { W,) about twelve feet high, and stand- 
ing on tbe highest ground, opened some years since, was discovered an 
inclosure of " dry wait," some ten feet square, containing a number ef 
skeletons supposed to have been buried in a sitting posture, with no in- 
dication of any covering or floor having ever been there, save the earth 
of whicb the whole mound was composed. A. portion of this wall, which 
still remained exposed, we carefully removed for examination, and 
found it to be built of tbe fossiliferous limestone common in the neigh- 
borhood, brought probably from near tbe river-bank, a quarter of a mile 
distant and a hundred feet lower ; laid op with tolerable evenness on the 
inner side. It was abont three feet high, two feet thick at the top, and 
three feet at the base, piled up loosely, the lower stones broad and flat, 
rather heavier than one man could well carry, and lyiug on tbe clean, 
yellowish sand. Some of tbe stones bad been burned red previously to 
being placed in position. This inclosure was entirely at one side of the 
center of tbe mound, and -Dotbing of interest was found in the other 
part. 

This region has long been occupied by tbe tribe of Indians known as 
the Sacs and Foxes, who came from the region of the Saint Lawrence 
over two hundred years ago, and remained until about the period of the 
Black Hawk war, about 1832. 

George L. Davenport, esq., of this city, who was born on the island 
of Rock Island, in 1817, and was the first white child born in this sec- 
tion of tbe country, and who has been intimately acquainted with the 
Indians for over fifty years, and speaks their language, informs us that 
tbe natives positively had no knowledge of these structures, and paid no 
attention whatever to them. They had a village or town in tbe imme- 
diate neighborhood of tbe mounds, though their principal town was 
near the site of tbe present city of Bock Island. 

It is, therefore, certain that the mounds presented much tbe same 
appearance many years ago as now, and that these Indians neither con- 
structed nor used them. 

No evidences of " intrusive burials" have, in any instance, been dis- 
covered, and without doabt the mounds have been as at present, and en- 
tirely nndistnrbed, for many centuries, until opened by recent explorers. 
We inclose herewith a diagram of the gronp of mounds, also drawings 
of the relics exhumed, and a series of photographs of all the well-pre- 
served crania. 
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We also have the pleasure of preHenting an exhaustive report upon 
the crauia, by Dr. E. J. Farqubaraoii, a member of tbe Daveuport Acad- 
emy of Natural Sciences, iDclnding measarements, analyses, aud care- 
ful compariaoQ with skulls of other races of men, and with other well- 
authenticated mouDd-buildeis' skulls. 

We also inclose Mr. A. S. Tififanj's description of the locality, ou Bock 
IslandjWhere he discovered the skull which is represented by photograph 
No. 8. 



A STPDT OF SKULLS AND LONG BOKES FBOH HOUNDS IfEAB ALBANT, ILL. 

By R. J. Faih)tjharson, M. D., of Davenpout, Iowa. 

This lot of bones was obtained from mounds near Albany, III., hy the 
Davenport Academy of Sciences. The topography, &c, of these 
mounds is given in the preceding paper by Mr. Pratt, who conducted 
the explorations. 

In the first place, an attempt was made by a rude analysis to arrive 
at the probable ago of these bones. A small part of the middle por- 
tion of one of the long bones was incinerated, with the following re- 
sult : Weight before incineration, thirty-eight grains ; afterward, thirty 
grains j loss, eight grains ; equal to 20 per cent. 

Mineral matter. Atiimal matter. 

Fresh bone, (dry,) Berzelins 67 33 

Mound- builder's bone 79 21 

12 12 

Now, as the lightness, or diminished specific gravity of these bones, 
precludes the idea of an increase of the mineral matter, and also as we 
know that, in certain conditions of soil, an actual loss of mineral matter 
takes place, we may safely infer that a considerable loss of animal mat- 
ter has here taken place ; a loss even greater than what the above fig- 
ures would seem to indicate. 

But, unfortunately, these data will not afford even an approximate 
estimate as to the time since these bones were buried. 

" In an old Roman frontal bono dug up from Pompeii, Dr. Davy found 
35.5 animal parts, and 64.5 earthy ; and in tbe tooth of the mammoth 
30,5 animal, and 69,5 earthy." (Todd and Bowman's Anatomy, vol. 1, p. 
105.) 

Orfila, in his Exhumations Juridiques, (vol. 1, p. 350,) states that bones 
buried in the cemetery of the Innocents, Paris, over six hundred years, 
yielded, in analysis, 27 percent, of gelatin and 10 percent, offal; while 
fresh ones yielded only 30 per cent, of gelatin, showing only a slight 
alteration. On the other hand, bones exhumed from the church-yard of 
Ste. Genevifeve, Paris, after a burial of over seven hundred years,, 
showed marked alteration, which he describes as follows : Very brittle, 
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of a parplish color ; remarkable both for the absence of animal matter 
aad for tbe presence of the acid phosphate of lime. Unfortunately, no 
analysis of these changed bones is given. 

Table No. 1. — The plan of this table is taken from Foster's work on 
the prehistoric races of the United States, and the letters at the heads 
oftbe columns referto the sauie measurements. Four other columns are, 
however, added, the first giving tbe capacities iu cubic inches ; ao im- 
portant point omitted by Foster, probably from the fragmentary nature 
of the skulls in his possession. The second and third added colnmns 
give the distance of the occipital protuberance from the posterior mar- 
gin of tbe foramen magnum and tbe ratio of this distance to tbe long 
diameter of the skull. This is an important characteristic of the monnd- 
builder race, according to Dr. Wyman. 

The fourth and last column gives the major and minor axes of the 
foramen magnum in millimeters. 

Table So, 1. 
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Table No. 2. — In this table an attempt is made {by means of another 
table of tbe comparative lengths of the varioas long bones in a series 
of skeletons, given in Orflla's Exhumations Joridiques) to arrive at 
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some idea of tbe statttre of the mound-builders, but tbe conclasions are 
very imperfect, perbaps Decessarily so. Eoougb was learned, bowevor, 
to safely warrant tbe conclusion that none of tbe bones examined be- 
longed to an individual much, if any, higher than six feet, thus doiug 
away with the assamption, made by some persons at tbe time of the 
exhumation, that some of the monnd-bailders were giants. 
Tabls No. 2.~Stature eitimaled from lengli of bonu. 
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The skulls and long bones of the modem Indians used in tbe com- 
parative measurements in tbese tables, were those of male Sioux Indi- 
ans from Minnesota, who died in this vicinity, while in captivity on ac- 
count of their complicity with tbe massacre in that State, so that there 
can be no donbt of their identity. 

It only remains to remark, in conclusion, that an nnnsnal namber of 
perfect sets of teeth were fonad in the mounds examined. These teeth 
are invariably without any signs of decay, of almost flinty hardness, 
and very much worn away, apparently from the attrition of very hard 
particles in the food, probably the siliceous outer coats of some kind of 
grain or seeds. 



TEE 8HELI-BED SKILL. 

By A. S. TiPFiNT, OF Davbkpoht, Iowa. 
On the Eock Island arsenal-groonds, near tbe western extrenlity of 
the island, there had been an excavation aboat three hundred feet long 
and eight feet deep. At a depth of three feet from the top there was a 
deposit of shells, mostly unios, but including melantho subsolida, and 
two or more species of helix. This shell-bed at this exposure varies 
from six to sixteen inches thick, ,-. , 
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lu tbis deposit the skull and bones beloogiug to one iDdividaal wt>re 
found ; all tlie covering waa au aqueous sediment. Deposited with 
and above tiie shells are lime, gravel, and sand, the material becoming 
finer toward the top, the last foot being fine alluvium and vegetable- 
mold. The sedimentary liuea were perfect and unbroken, and tbe ex- 
cavation had made the means of observation all that could be desired. 

It was visited by many members of oar academy, and by Profl 
Alexander Winchel), while some of the bonea were in place ; and all 
agree that the covering to this pre-historic man was put on by sedimen- 
tary deposit. 

Accurate levelinga prove the top of this deposit to be eighteen feet 
above the highest water known since Fort Armstrong was established 
on the island. 



AVTHtVinES OF NORTHERN OHIO. 

Br Obo. W. Hiu., M. D., of Abhumd, Ohio. 

In the Spring of 1872, Mr. S. W. Briggs, a farmer of Sallivan Town- 
ship, Ashland County, while plowing an old "cat-swamp" or slough, 
came upon a bed or uestoflndian dint-implements about eighteen inches 
beneath tbe sarface. His attention was arrested by a grating sound be- 
neath the plow, and on examination foond two or three peculiarly -shaped 
arrow-heads or flint cutting-points. Hastening to bis house, he pro- 
cured a shovel and mattock, and proceeded to nnearth the deposit. On 
carefully removing the surrouuding soil — rich black mold — he found a 
keg'like vessel of red-elm ( Ulmvs rvbra) bark, about three-fourths of au 
inch in thickness, some ten or twelve in diameter, and about thirteen 
in height. Tlie vessel was a section of the bark, which had been removed 
from the tree by cutting or notching around the body and then peeling it 
off. It would hold something over one peck. It was in a tolerable state 
of preservation. It contained two hundred and one fliuMmplements, 
neatly and symmetrically finished, and a number of fragments which 
had not been dressed. Tbe bottom of the nest was about two feet 
below the surface. About four feet south of the vessel his plow strock 
a forked oak-stake, the double end being deep in the mold, and also 
another stake, of the same timber, about four feet east of the deposit, 
driven deeply into tbe loam. The lower ends of tbe stakes were over 
three feet deep, tbe parts above the water and ground having decayed 
were wanting. In digging down, the forks were found to be beneath 
the surface soil and quite sound. There wasalsoastreak of yellow sand 
about ten inches wide, two or three deep, and eight or ten feet long, run. 
ning in a northeastern direction from the deposit, which could have 
beeu plainly seen when the water stood over the slough. This sand is 
found on .tbe banks of Black Biver, about one and a half miles distant. 
The slough was drained some ten years since,^ and has been once or 
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twice snperficially plowed. Tbe sand-streak was evidently pat there to 
mark tbe precise point of tbe deposit. 

Sixty years ago, when the first of tbe pioneers began to settle in the 
central parts of Ashland County, the northern section was a fiivorite 
resort of the Delawares and Wyandots as a hanting-gronnd. Aboat 
twenty-five rods sonthwest of the slough are the remains of an Indian 
village or camping-ground. Floors of broken bowlders and large peb- 
bles were made by driving the pieces into tbe ground until a smooth 
surface was obtained. About one hundred rods iii a northeastern 
direction from the deposit is another " cat-swamp " or slough, somewhat 
smaller than the first, which wiU probably, upon examination, be found 
to contain other deposits. A few rods east of this were also fonod two 
stone floors, constructed of the same materials and in the same manner 
as tbe other. They were twelve or fifteen feet in circuit each, and 
had to be dug up before the ground could be plowed. About one mile 
southeast of this ancient village was a salt-spring, which was a common 
resort for the Indians and wild animals. Many relics have been dug 
and plowed up in its vicinity, among which was a large pair of elk- 
horns. Above this, on the flat, near the head branch of Black Biver, 
were several extensive beaver-dams. They were visible for mauy years 
after the settlement of that region. 

In 1755-'56, James Smith, when a captive among the Wyandots and 
Delawares, on his way to the Canesadooharie, in company with his 
adopted brother, Tontileaugo, passed this locality. He had traversed 
tbe Jerome Fork of Mobic^n to its source, about three miles from tbe 
head of tbe Canesadooharie, or Black Biver, and over the portage or 
divide between the streams running south to the Gulf of Mesico and 
north to Lake Erie, At that time there was a large Wyandot village 
near the falls, not a great distance from tbe present site of Elyria, in 
Lorain Oouuty. Tbe Black Biver and its sources long furnished a hunt- 
ing-resort for the Ohio tribes, and the locality where these implements 
were found was often a great encampment for the Indians. 

There is a striking resemblance to each other in tbe implements 
found by Mr. Briggs. They are generally leaf or pear shaped. They 
are about three-eighths of an inch in thickness. The width of tbe largest 
is two and three-quarter inches, and its length three and one-quarter 
inches. Tbe next largest is two aud oue-quarter inches wide, and four 
inches long, running to a sharp point. They are all quite sharp around 
the edge, and neatly and symmetrically chipped, and would answer for 
cutting- tools. 

It is difBcult to determine their use. They certainly were not used as 
arrow-heads, being destitute of nicks to attach them to the shaft. They 
are too small for agricultural instruments. They could not be used for 
preparing dug-out canoes, being sharp around their edges, and too fragile. 
They may have been used for skinuiug and cutting the flesh of animals. 
Possibly they were used in dressing deer-skins. The entire lot was new. 
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and looked as if Uiey had been fluished just prior to the deposit. So 
far OS my observation extends, no flints of similar character have been 
Ibniid on the snrfoce in this part of Ohio. 

The material oat of which these instruments were coustrnct^d is 
found iu abundance about eighty miles south of the Black Kiyer, and 
is known as the " Flint Bidge," in Licking County, and consists, after 
exposure, of a reddish, mottled flint, and, when fresh from the quarry, 
of a bluish, or nearly black, color. The reddish tint may have origi- 
nated from their bnrial beneath the bog or marsh water. When a boy, 
some thirty-five years since, I resided a short distance south of the main 
ridge, in Licking (Jonnty, On the farm where I lived there had evi- 
dently been large numbers of arrow-heads manufactured, judging from 
the piles of fragments, broken arrows, and pieces of lances found on the 
surface. Many of these were composed of a bluish limestone, found in 
and north of the ridge, where numerous pits yet remain. When first 
quarried, the stone splits easily, and is soft, but, oji exposure to the air 
and sun, changes color, and becomes extremely hard. There is also a 
flint, orbornstone, found on or near the surface in that locality, which 
is of a dark color, sometimes streaked or mottled with white, from which 
large numbers of arrows have been manufactured, and are found scat- 
tered all over Ohio. 

These implements were probably made by the earlier Indians of 
Ohio. It is not unlikely that they were carried there for immediate 
use. Their form, sharpness of fracture, and shape are so symmetrical 
and complete, that we are led to conclude they are finished. If they had 
been intended for further manipulation, their finish would have been 
less i)erfect. When Smith was on this stream in 1755, bark canoes 
were exclusively used by the Wyandots and Delawares. 

Some of the spear-heads are very rare. Five were picked up near 
Ashland. I call them spear-heads, though it is uncertain for what pur- 
pose they were used. They are generally well finished, and have been 
used. Some of them are of an unknown flint. I have never seen the 
blueish kind in the " Flint Kidge" material. The first is intensely black ; 
the second, of a brownish black ; the third, on being fractured, presents 
a blue color; the fourth is a drab, or sort of dirty white, aud is very 
delicate in structure, and extremely sharp; tlie fifth, on being fractured, 
exhibits a blue color, and is peculiar in shape. 

A singular instrument was picked up by Mr. Briggs iu the neighbor- 
hood of the nest of fiint-implements. It is made out of a sort of green- 
ish-gray stone, variegated. It possesses a high polish, and the material 
is quite hard. A hole in the center is neatly drilled. It may have been 
suspended from the neck as an ornament. 
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THE AfiE OF STONE, AND THE TBOfiLODTTES OF BBECKINBIDQE COUNTY, 
KESTUCST. 

By R, S. Eodertson, of Fort Waymb, Ibd. 

The remains of the stoue-age are abundant on both sides of the Ohio 
Eiver, proving that its shores were occupied by a Yery large population 
long anterior to the advent of the whit«s. 

My attention haTing been attracted to reports of human remains found 
in a cavern or rock -shelter near Hai'dinsbnrgh, Ky., I visited the locality 
May 12, 1874, but was not early enough to forestall the vandalism nearly 
always displayed when such remains are discovered, and by which many 
valuable relics are destroyed, or scattered and lost. Nearly everything 
of value to the ethnologist had been dug out and carelessly destroyed, 
and out of thirty or more human skeletons of all siies, from infants to 
adults, exhumed, I was informed that ouly one skull had been preserved, 
but as that is in the possession of Prof. K. S. Sbaler, State geologist of 
Kentucky, tve may expect to hear something of its characteristics. 

Hardinsburgh, the county-seat of Breckinridge County, is eleven miles 
southeast of Cloverport, and in a hilly, broken country. About a mile 
and a half northeast of the town is a range of high hills, at the base of 
which runs Hardin's Creek, now nearly dry. These hills are capped by 
high limestone ledges, cut through in past ages by some powerful erosive 
agency, leaving the general course of the cliffs on an east and west line, 
but cut by lateral fissures and valleys. The rock has been so eroded as 
to leave overhanging shelters at several points, some of which are of 
considerable size. One, particularly, seems to have been occupied by 
man for a long period, an<l when it ceased to be used as a habitation, 
became the sepulchre of the remnant of its occupants, who were probably 
massacred and left in the ashes of their home, on the final extinction 
of their tribe. The cavern is open toward the south, the overhanging 
roof protecting the space below from any exposure to the elements from 
above, while immense masses of fallen rock make a wall from ten to twelve 
feet high, directly in front, between which and the rear wall of the cav- 
ern the deposit containing human remains was found. This deposit 
consists almost entirely of wood-ashes, so dry that clouds of dust arose 
while working in them, and we sank nearly to the knees at every step. 
The deposit is about eight by fifteen feet superficial measure, and was 
about seven feet in depth. In it, without order, were found thirty 
or more human skeletons, nearly all with a fiat stone laid nixin their 
heads. There were infants and adults promiscuously buried at various 
depths in the ashes, and at the bottom, on a layer of broken stones, some 
charred human remains were found. The bones had been thrown out 
and broken, so that none remained worthy of preservation : but from a 
description of the skulls found, I should think they were of a marked; 
dolicho-oephalic type, with flat, receding foreheads. 
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Mingled witb these remains many dint and other stone implements 
and weapons were found, with a few fragments of rude pottery, such as 
is commonly met with all over the country. I coald learn of no orna- 
ments, except some shells of the common muscle, perforated for suspen- 
sion. Two perforated stones, of the liind supposed to be weaving-shut- 
tles or tfaread-ganges, had been found, hot carried away. 

The polished and drilled ornamental stones found frequently in other 
localities seemed to be entirely absent here, indicating that these cave- 
dwellers had not advanced beyond the strictly useful arts. I found in the 
ashes a number of arrow-heads, scrapers, and knives of dark flint, a stone 
hatchet, and a buckhorn handle for a poinard or knife, similar to the 
handles of some modern hnutingkuives. These were all found iu the 
ashes which bad not been disturbed. Quantities of flint-chippings lie 
around, and a stone, on the surface of which are fourteen small circular 
depressions, disposed in two nearly parallel rows. 

To the loft of this large shelter, and under the continuation of the 
same roof, is another on a high shelf of rock, reached by climbing on the 
fallen rocks which form the front wall. It is large, but does not afford 
standing-room in more than half its area, but has been used, perhaps, as 
a sleeping-apartment, as the rocks by which you reach it are worn 
smooth. 

Immediately in front is a steep descent of abont one hundred and 
fifty feet to a brook, now dry, and, at a corresponding elevation on the 
opposite side, is another high cliff, perpendicular on its northern and 
overhanging on its southern face. Here many cbippings of fiint, some 
arrow-heads, and a fiint knife were found, as if it had been used, also, 
either as a dwelling or workshop. It is not so large or so well shel- 
tered as the other. My guide informed me of several other rock-shelters 
and of some stone-walled graves in the vicinity, which 1 bad not time to 
visit Although the flint used is easily worked, the articles fonud were 
all of ruder workmanship than those found at many other places. 

In the road just outside of the town of Hardinsburgh I noticed a num- 
ber of characters and figures cut in the surface of the fiat rocks here 
exposed ; some of them are partially obliterated by travel, but they 
still occupy a large space. As there are many smooth rock-surfaees 
exposed in the vicinity, and none other exhibited these marks, I 
had no hesitation in considering them to be the work of man, and 
afterward learned that it was called " Indian Eock." The tan, T» is fre- 
quently seen, while other marks are in the form of the Greek cross, 
with shorter arms above than below. Others, and these the most 
numerous, were a combination of the latter with other lines, X Xi 
and some other characters I cannot now describe, having lost the draw- 
ing I made at the time. 

At Oloverport I spent some time on the river-bank searching for 
remains, and was rewarded by finding a number of fiint weapons with 
many chips or flakes, and, on the boys of the neighborhood becoming 
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awaie of the objects of searcb, they hroaght me large oumhers, many 
of them of interestiog shape and workmanship. The bank here is a 
long, gravelly slope up from the water, above which are snccesaive 
steps or benches of clay, boanded by a perpendicular wall of clay. It 
is on the uppermost bench of clay that nearly all the specimens, fin- 
ished and unfinished, and the chippings, are found. Those found below 
this point invariably appeared to have been washed down. 

The boys assured me that they could take me to a point across on 
the Indiana shore where I could get a wheelbarrow-load, but as I had 
neither time nor wheelbarrow, I was forced to forego the proposed vUit. 

I have no doubt that thousands of specimens could be obtained by a 
visit to the landing-places on both sides of the river between Louisville 
and Evansville. 

One specimen shown me, but which the owner refused to part with' 
on account of some superstitious regard, considering it in the nature of 
a charm, was sixteen inches long and five broad, in shape nearly like a 
willow-leaf. It was a white, cherty limestone. I heard of a large stone 
pipe found two years ago, but after an active search where last seen no 
trace conld be found of it. The children had been allowed to use it for 
a plaything, and it had thus been lost. 

Eeturning to Louisville, during a stroll of perhaps a mile on the river- 
hank below the cement- works, and upon the same clay bench, I found 
several complete and many broken specimens of worked flints, and 
this where many people pass and repass every day. 

On the whole, I conclude that the men of the stone-age who occupied 
the shores of the Ohio and dwelt in the caverns and rock-shelters of 
the interior, had not advanced to that stage of the arts which led men 
to give a beautiful finish to their weapons and to carve and perforate 
stones for ornament or for badges of authority, like the prehistoric 
men of many other localities, but contented themselves with such im- 
plements and weapons as the necessities of their wild life required, 
without spending much time in giving artistic touches to their manu- 
factured articles. . 



ANTIQUITIES OF ISLE SOTAIE, LAKE 8DPERI0B. 

By a. C. Davis, of Dbtroit, Mich. 

I send you three photographic views of a mass of copper found in 
clearing some ancient mine-pits on Isle Eoyale, Lake Superior. The 
mass was found in the bottom of a pit sixteen and a half feet deep, and 
was completely detached from the surrounding rocks. All the wings 
have been beaten off by the ancient miner with his stone hammers — evi- 
dences of which can be seen all over its upper surface. The section it 
was taken from is 27, 66 north, range 35 west. The belt of rock in 
which it was found is (^ a sedimentary character, highly metamorphosed, 
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from twenty to forty feet wide, and for a distance of two and a half 
miles has been completely worked over by the ancieot miner. I have 
been miniag tor the last twenty-five yews on Lake Superior, hot I have 
never seen anytbing to compare with this locality fbr ancient work. 

I aui confident tfaat, when this district is thoronghly mined, discov- 
eries will be made throwing more light than we now have on the char- 
acter of the i>eople who did this work. 

In the depression in the dntlying trap was foand clean lake sand, 
and the rock tbrown out of the pit first was thrown on the sand. There 
was no sign of vegetable mold between the rock and sand, bnt over sU 
thei'e was three and a half feet of made soil or decomposed vegetable 
matter.' 

In the pit there are tons of stone and stone-hammers, and a large 
quantity of ashes and charcoal. 

In one I opened on a transverse vein on the same property,- 1 foand 
the scales of white-fish. At this pit the ancient miner had aaed large 
granite bowlders to hold up the hanging ground. These bowlders would 
weigh from 300 to 400 pounds, and were put in where the modern miner 
would place timber, to secure the ground. Nearly all the brands and tim- 
ber we found in the pits were roots and stumps. This, with the fact of 
their using these large stones for timber, leads me to think that the an- 
cient miners had used up all the timber in their reach, and consequently 
conld not prosecute mining further. 

There is another peculiarity in the hammers found in these mines — I 
only found one that was grooved, while on the south shore of the lake 
I never saw a stone-hammei' that was not grooved. 



ASIIQUITIE8 OF TAZOO COUKTT, H1S8I8BIFP1. 

By J, W. C. Smith, of Bbmton, Miss. 

There is a mound on the Tazoo liiver, twenty miles below Satartia, 
worthy of note. It is situated at the foot of a tall bluff, and near the 
river. At the base it is, perhaps, one hundred and fifty or two hundred 
feet in diameter, fifty feet high, and flat on top; some fifty or sixty tfeet 
across. It evidently is the burial-place of some noted chief, and must 
have required months to build it, and the nearness to a high bluff pre- 
clndes the ide^ of its having beeu built to escape Irom ■water. There 
are several smaller mounds in the neighborhood. Perhaps some sci- 
entist at Vicksburgh will explore it for you on application. 

Near Carthagt', in Leake Oounty, Mississippi, there is a small branch 
in which are many articles resembling petrified terrapin or tortoise 
heads ; and where at one time was found here the genital organs of a 
man, also in stone. 
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AlTTKiriTIBS OF TEMTESSEG. 

Bt Dr. Daniel F. Wkight, of CuRKeriLLE, Tenn. 

Tlie lociility iu which the relics seot to the Smithsoaian Institution 
have been collected, has been known as the "Indian grave-yard" as far 
back as any of the present inhabitants can remember, and has been 
more or less noticed according to the condition of the superincumbent 
soil as aQected by successive inundations of the Cumberland. Thus, for 
many years prior to the present date, the graves from which these relics 
have been taken have been buried some eight or ten feet deep by the 
flnvial deposit, and have been forgotten by the present generation ; but 
since the inundation of last spring, through some change in the current, 
the receding waters have produced a contrary effect, and washed the 
graves completely bare, leaviugtheskeletons only covered with the stone, 
slabs placed over them at the time of bnrial. The location is about fifty 
yards irom the left bank of the river, and about three miles above Glarkst 
ville. 

The following considerations will, I think, be deemed conclusive as; 
evidences of its having been a permanent and rather populous settle-- 
ment of some tribe : 

let. The nature of ths graves. — These are elaborately constructed. Itr. 
is impossible to say how deep they were at the time of excavation, on, 
account of the shifting character of the soil above described ; bat every 
grave has a slab of shale-stone at the bottom ; upon this the body lies,, 
and additional slabs are placed at the head and i'eet, and on each side,, 
all rising to the same level, which is rather more than high enongb to> 
cover the body. Finally, on the top of theinclosnre so formed a large 
horizontal slab is placed, completely covering the whole; the earth is. 
then thrown in, and the body thus left inclosed not only in a well-pro- 
tected grave, but iu a complete stone cofBn. In one place (and only one]j 
a peculiar arrangement of the graves is noticed. Five or six graves- 
are so placed together that all the heads are nearly in contact, while' 
the feet radiate outward so as to mark out the circumierence of a cir- 
cle something over twelve feet in diameter. Ou the whole, I suppose 
that more than forty skeletons, each in its separate grave, have been, 
taken up since the last overflow. 

2d. The evidences of manufactures liabituaUi/ foUowed. — These are flint 
weapons and implements and pottery. Where the greater part of tha^ 
fiint-implements were found innumerable chips and flakes of flint were- 
also observed, such as arestmck ofi'iu themanufacture of fiint articles; 
these are found in great abundance. In reference to the pottery, still 
stronger evidence of its being manufactured on the spot was dis- 
covered. We found- an excavation of a circular form about six or 
eight feet in diameter, and four or Ave feet deep, which had been 
loosely fiUed with sand that was easily removed ; and in shoveling it 



, Google 



372 ETHNOLOGY. 

out, there were fonnd mixed 'with it in great abnndance fragments 
of pottery, a quantity of cbaruoal, inacy charred and half-barned 
pieces of bark vhich had passed through several stages of combas- 
tioD, some of them being in part entirely unaltered by the fire ; and, 
above all, several large lamps of nnworked clay, partially hardened by 
tire. Ihe neighbors inform me that this clay must h^ve been brought 
from a considerable distance, as none like it, and, indeed, no day at all, 
ia foand within many miles of this place. In the specimens of pottery 
sent, I would call your atteution to the peculiar markings on the con- 
cave surfaces of most of it. 1 at first supposed that these were made by 
some artificial process for decorative purposes, though it aet^med strange 
to place decorations inside the objects; but a neighboring gentleman 
called my attention to the exact resemblance these markings bore to the 
comigations on beech-bark, and I was led to the conclusion that tiie 
pottery had been molded around an interior core constructed of beech- 
bark. I thiuk there is no doubt but that the excavation I have de- 
scribed was an oven or kiln for baking the pottery. 

3d. The presence of infant skeletons in great number, buried with 
the same elaboration in all its details as above described in the case of 
the adult sepulchre. Some fi-agmonts of cranial bones from these are in- 
closed in package No. 7. The undeveloped and imperfectly ossified con- 
dition of the infant cranium renders it improbable that entire infant- 
crania will be discovered ; which is the more to be regretted as it would 
be iut«resting to observe the bones in the early stage of the Battening 
process, which seems to have been customary in this tribe. , 

To sum up this part of my view, then : The elaborate and substantial 
character and large nomber of the graves, the evidences of arrange- 
ment for the manufacture of stone implements and pottery, and the 
presence of a considerable number of infant skeletons, all carefully buried, 
satisfy me that this burial-place ^as an appendage to some permanently- 
occupied Indian village. 

But, when T There are some considerations which seem to throw ns 
back upon prehistoric times for an answer — that is, what are to us Amer- 
icans prehistoric times. 

In Euro[>e, these flint- weapons would carry ns back to the mysterious 
nationalities which occupied the site of Troy before the Troy of Priam 
and Hector existed, or to those unknown tribes which lived in Hebron 
before the seed of Abraham had germinated in Palestine. With us, 
prehistoric times comedown to a much more recent period. Anything 
previous to the permanent occupation of a region by the European races 
is with us prehistoric, aud west of the Kocky Mountains there are tril>e8 
still in the neolithic stage of develo[>ment, using just such flint arrow- 
heads and hatchets as I send you, to-day. 

The evidences that, relatively to the Booues and Donelsons and Bob* 
ertsons who first settleil these regions, the remains now under discus- 
sion are prehistoric, are as follows : 
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First. I have had conversatious with very old settlers — persons whose 
recollections extend back fifty aud even sixty years, and they report that 
no lodiau village existed in that locality or anywhere near Clarksville ; 
and not only so, bat they speak of conversations with the Indians, who, 
in their childhood, frequently came here on. hunting-expeditions, and 
that none of them knew of any tribe or had any tradition of any who 
ever had any permanent residence either near this burial-place or in the 
region at all ; it was never within their knowledge anything bat a hunt- 
ing-ground. 

Secondly. In bis first visit to Kentucky, Daniel Boone spent a whole 
winter encamped near the mouth of Ited Biver, (a small afduent of 
the Cumberland;) in other words, on what is now the site of Clarks- 
ville ; aud that daring that winter he did not see a single Indian, th^ 
country being only visited for hunting-purposes in snmmer-time. 

This last statement I have on the authority of my friend. Professor 
Stewart, well known to your Institution. I have no means of verifying 
it by documents, though in Washington you have, I suppose, the means 
of doing so in the National Library. 

Supposing, then, that I have rightly interpreted the facts so far before 
US, we are thrown back on all prehistoric times for the period of our vil- 
lage's existence, and have no means of determining whether it dates 
before or after the discovery of the American continents by the Euro- 
pean races. 

The small package, No. 8, contains an invaluable relic in reference 
to our chronological difflijulty. On examination you will find it to be 
a leaden ballet, completely covered with a bouy accretion. This was 
found in close contact with the scapula of one of the exhumed skeletons. 
Themanner in which it is enveloped with bony matters convinces me that 
it was lodged in the shoulder long before the Indian's death, and carried 
there for years. This proves that the Indians in question bad relations, 
hostile at least, if not more intimate, with persons possessing fire-arms, 
and so brings down the antiquity of our village to a date subsequent to 
the appearance of the European races in the valley of the Mississippi. 

The closest estimate, then, we can make of the period when the vil- 
lage existed from which these relics are derived, is that it was prior 
to the permanent settlement of this portion of the basin of the Cumber- 
land, and subsequent to the first visit of European races, which still 
leaves us a range open to conjecture extending ftom the middle of the 
seventeenth century to, say, the time of the revolutionary war — a range 
of from one hundred and twenty-five to one hundred aud fifty years. 

This much premised, I would call your attention to some matters of 
detail in the relics to which this paper refers. 

Opening the packagesNos.4aud5,Ithinkyoa will be struck byagreat 
diversity in the workmanship of the different articles. Tims, most of 
them are as roughly chipped out of the original flint as anything we 
know of in the rudest paleolithic times, and others are shaped with 
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some artistic skill to a predetermined form. Give year special attentiou 
to one article in package No. 5, wrapped in a separate piece of newspa- 
per — probably the blade of a tomahawk. Yon will observe that it is 
ground down to a preconceived shape with a precision and finisli which 
would dn credit to a modern lapidary. I have also given a separate 
envelope to a curious implement made of a thin lamina of flint, in pack- 
age ^0. i. T am informed by i>ersoDS acqaainted with present Indian 
nsages, that an exactly similar implement is now employed to scrape 
clean the inner surface of raw hiJes, prior to caring them for.ose. 

Now, a few words aboat the three crania. Those in the packages 1 
and 2 present the ordinary ty[>c of the Indian skull ; narrow, with a 
low facial angle, and with the prognathous character very strongly 
marked in the facial bones — these characteristics beiug most pronounced 
in No. 2. But No. 3 rather puzzles me. The American Indian type is 
here much less pronounced, the facial angle higher, and the prognathoas 
type scarcely marked at ail. En all respects it seems to approximate the 
Caucasian type. Yon will also observe that the process of artificial 
flattening, so common amoug Indian tribes, has been applied to Nos. I 
and 2 with complete snecess, the flattening of the occiput being so great 
as to render the plane extending from the occipital condyles to the ver- 
tex absolutely vertical. 

Now, on No. 3 this process has been very incompletely eS'ected, having 
succeeded not at all on one side, and only imperfectly on the other. 

If I knew more than I do of the tribe whose remains we are studying, 
I think I should venture upon the conjecture that No. 3 is the cranium 
of a half-breed, which would imply a still more intimate association 
with the white race than that short and sharp interview suggested by 
the impacted bullet. 

Such as they are, however, the foregoing remarks are submitted to 
yonr riper judgment ; they have been considerably longer than I antici- 
pated when I commenced them, bat I think that some interesting 
problems are suggested by the relics, and could not resist the tempta- 
tion of attempting a solution. 

I should remark that, although a large number of entire skeletons 
was exhumed, I did not see much to be gained by sending you anytbing 
beyond the crania. The only thing really noticeable abont them was 
their great thickness, especially that of the maxillaries and the bones 
of the extremities; some of the femurs, though evidently not those of 
tall men, would, in bnlk and weight, largely surpass those of any white 
man I have seen. 

I forgot to state that the crania Nos. 1 and 2 are presented by Br. W. 
T. Mclieyuolds, of this place, who had obtained possession of them be- 
fore my exploration. 
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iKTlQClTIES or BLOUST COVNTT, TEKNESSEE. 

By Misa Aknib E. Law, of Hoixistbr, Oai- 

The relics sent were all found in tbe vicinity of a large moaad in 
Cbilhowee Valley, on the banks of the Little Tennessee Itiver, Blount 
Oounty, Tennessee, except the beads and axes, which were found on 
Tellico River, Monroe County, Tennessee. The mound in Chilhowee 
Valley was partially washed away during a high tide. It contained 
seveut««u skeletons buried in a sitting posture, surrounded by stone 
slabs. The mound was some twenty-five feet in diameter, and the 
graves were in three tiers. With each had been buried water-jugs of 
crumbling pottery, beads, and stone Implements. These had been car- 
ried off by relic-hunters before I was there. Those I got were plowed 
up afterward from sand-beds in the bottom-lands, where the strong 
current had carried them. 



ANTIQIIITIES OF OBLGASS COVNTT, NEWTORK. 

By Frakk H. Gushing, of Medina, N.Y, 

In tbe town of Shelby, Orleans County, New York, about three miles 
southwest from tbe village of Medina, are tbe remains of one of the most 
interesting ancient earthworks in tbe State." This work is situated 
at the summit of a slight and not abrupt elevation. It consists of two 
mural embankments, which are now about two feet in height parallel, 
and twelve feet distant from each other. They describe almost an ex- 
act circle, having a diameter of four hundred and thirty feet and an 
area of three and one-third acres. Two fences upon original " section* 
lines," running, one north and south, the other east and west, divide this 
inclosure into four nearly egual parts or quadrauts. Those iiortions of 
the work included in the northeastern and south western quadrants have 
for many years been under cultivation, aud tbe embankments are nearly 
obliterated. The northwestern and southeastern portions are still cov- 
ered with forest-trees. In these portions the walls are interrupted only 
by two sally-ports or openings for passage. These openings occur at 
nearly opposite points in the circle. Tbe passage through the outer 
wall is not in either exactly opposite to that through the inner. In one 
they are sixteen and in tbe other thirty feet apart. To avoid two large 
bowlders of Niagara limestone, the inner wall at one point makes a slight 
deficctiou from its regular circular course. 

Upon these embankments are standing trees and tbe stumps of trees 
that had commenced their growth long before tbe Jesuit fathers bad ex- 

* This work has previously been dosoribod in Sqnier'e Aboriginal Mooiiments ol' 
New York, Smithsonian Contributions to Knon'ledge, vol. II, 1651. 
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plored the region now comprising Western New York. Traces of a moat 
wliitih once encircled this work are still discernible at intervals. This 
moat is broad in proportiqn to its present depth, and in this respect is 
not regular. It was probably made by tbe removal of eai;th .for the 
construction of the walls, and perhaps it was not intended as an addi- 
tional defease, though it must to some extent have served as such. 

Three features presented by this work add much to its interest: 
first, it is almost exactly circular in form ; secondly, it consists of two 
parallel embankments ; thirdly, the openings tor passage are not oppo- 
site iu the two walls. These three pecaliarities distinguish this &om 
all other earthworks known east of Ohio. 

Ten rods sonth of this work lies a peat-swamp, two miles iu length 
by one in breadth. This swamp is or has been covered by a heavy 
growth of black-ash timber. A vertical section of seven feet in this 
swamp shows first the remains of trees to the depth of two feet, uext 
below the remains of marsh-plauts, gradually becoming peat, which, as 
the depth increases, changes iu character and color from dark browu to 
light blue. At all depths in this peat are to be seen the remains of 
leaves evidently brought by the winds from the ttorests of the surronnd- 
ing higher land. Underlying this peat is a stratum from three to five 
inches in thickness, composed entirely of fi?esh-water shells, mostly uni- 
valves ; some of which are apparently species of Pauludina. Beneath 
this stratum there occurs another, composed of blue clay, intermixed 
with sand, contaiuing occasionally the remains of shells, among which 
have been found specimens of the fresh- water clam, ( Unio.) 

These facts lead to the conclusion that this peat-swamp was probably 
a shallow lake at the time when the works were constructed. This con- 
clusion is also strengthened by the fact that there is no evidence of 
the existence of a permanent supply of water elsewhere within a mile of 
the work. 

It is proper to state that the supply of fish in this ancient lake was 
abundant ; replenished during the time of high water iu the spriug 
of each year from Lake Ontario, thirteen miles distant, through Oa& 
Orchard Creek, into which its outlet flows. 

West from tbe work, at a distance of half a mile on the eastern slope 
of a sand-hill, is a large " bone-pit," where the bones of many hundreds 
have been deposited. It is said by " old settlers" that those portions of 
' the work now included in the cnltivated fields spoken of, originally pre- 
sented the same features now seen in those which the tbrest includes. 

Of course exaggerated stories are told of the relics which have been 
plowed up in these fields. Without doubt many which would he of 
great interest to an ethuologist have been found, kept for a while, and 
then given to the children as playthings by those who knew nothing of 
their value as relics. 

On making excavations in those portions still uncultivated, many 
specimens of great interest are found. They usually he from six to 
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eighteen inches beneath the surface, often' imbedded in charcoal and 
ashes. They consist of hammers, siiikera, celts, stone ornaments, pipes, 
potter; ; also implements and ornaments of bone, such as bone splint- 
ers, awls, and needles, daggers or dirks, cylindrical ear ornaments, 
implements for the oniameutatioD of pottery, perforated metatarsals, 
and perforated teeth. These bone Implements are found in all stages 
of manufacture, from the rude splinter to the ground and polished imple- 
ment or ornament. 

What was the original height of these works can now only be a 
matter of conjecture. It is probable, however, that the embankments 
were from four to five feet in height and surmounted by palisades. 
Vegetable mold to the depth of six inches has accumulated upon those 
points most elevated and exposed to atmospheric action ; beneath this 
stratum the relics occur to the depth of eighteen inches. The inference, 
therefore, is that since thework was abandoned time enough has elapsed 
for the accnmnlatioo of this six inches of vegetable matter by the slow 
process of growth and deposit on dry land. It was inhabited or used 
long enough for twelve inches to accnmulate. It was probably aban- 
doned when the lake was so nearly filled that it cease^ to afford either 
fish or a permanent supply of wat«r. Since the time when timber com- 
menced to grow at the surface of the lake, two feet of vegetable matter 
have accumulated. 



AirrniviTiES of ia pokte couittt, ixdiana. 

Bv R, S. EoBERTSON, OF Fort Wjynb, Indiahj.. 

At Union Mills, La Porte County, is located one of the most remarka- 
ble groups of mounds to be fonnd in Korthem Indiana. 

Union Mills is a small village, with a beautiful location on the high 
table-lands between the great Kankakee Marsh and Lake Michigan, 
most of the village being on the east side of Mill Creek, which furnishes 
a fine water-power for the mill from which its name is derived, and 
which flows southwardly through a ravine some 40 or 50 feet below the 
nearly level plain on which most of the mounds are situated. To the 
southwest another ravine terminates this tableland, beyond which are 
a series of ridges and levels gradually merging into the Kankakee Marsh, 
which is here, however, generally drained and cultivated. Along the 
brink of this ravine, ten (or rather five donble) mounds have been raised, 
of nearly uniform construction, and all evidently for places of sepulture. 

Where the mounds are double, as all of this series are, the larger one 
is now about 10 feet in height, and its companion about one-third lower. 
The longitudinal diameter of the two is about 150 feet by from 60 to 70 feet 
across, and they are from 50 to 100 feet apart. The small mound at each 
end of this series is thrown back nearly at right angles with the general 
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line, as if there were an iDteiition oa the part of the builders to tuake 
these termiaal points for the group. 

The first or northerumost large mound was almost entirely cut away 
some time ago in construoting the PeuiDsalar Railway, which runs 
directly through it ; and the third large one was nearly half ent away 
by the wagon-road, whose track here runs below the base of the moancl. 
The next has been partially leveled and a farm-house bnilt on its 
truncated base. There are no depressions in the surrounding surface, 
showing that the materials, which in some are sand and others surface- 
loam, have been bronght to the place from some other point. 

Proceeding eastward to the bank of the creek, we find another mound, 
(No. 6,) which has been leveled to a terrace-form about 4 feet high, on 
which Mr. Flanigan's bouse stands; and directly north, across an arm 
of the ravioe, was another, {No, 7,) whose site is occupied by the house 
of Allen <Jnmmiugs. Across the creek, nearly east of this, is a very 
large round tumulus, (No. 8,) which is about 15 feet high, with a base 
of about 100 feet. One hundred feet north of this Is another double 
mound, (No. 9;) the smaller one of the group is in the yard of a church, 
and the larger ojie just in rear of it. 

I could find no traces of fortifications, and there are no other mounds 
la the immediate vicinity, but I was informed that a large group exists 
on a rolling prairie about two miles east, of which a very large one was 
leveled several years ago. This is, perhaps, the same group examined 
by Dr. Higday, of La Porte, some years since. 

My informant also states that about a mile south of Union Mills is a 
burial-place of the modern Indians, still known as " Indian Fields," ' 
from which bones, medals, kettles, guns, &c., have been obtaiued, while 
a half mile farther south, on a prairie overlooking the Kankakee, is 
another group of seven or eight mouuds. These different burial-places 
would, undoubtedly, prove of interest to the ethnologist, for a compari- 
son of the remains of the two races who practiced such different modes 
of burial. 

The greatest interest in these prehistoric remains centers in the fact that . 
the crania of the mound-builder, as found in these tumuli, differ widely 
from those of any known raee, approaching the Neanderthal skull in type, 
and being, perhaps, lower in development. The- frontal hone recedes 
backward from a prominent superciliary ridge, leaving no forehead, or 
rather the eye looks out from under the edge of a frontal plate, which 
reminds me of a turtle-shell and is scarcely more elevated. My speci- 
men is lower than the Stimpson-mound skull, and even than the Nean- 
derthal, if we can judge correctly between the actual and the pictured 
skull. None have yet been found here with the skull or bones entire. 

In my examination of the group I concluded that the road cut through 
No. 3 had passed a little south of the center of the mound, and selecting 
the sloping bank of the roadway as the easiest point to excavate with 
iavorable results, I was rewarded, after a few minates' work with pick 
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and shovel, by finiliDg several flakes of a white flinty stone, and then 
some fragments of bone, after which the hands were tbe principal tools 
used to complete the work, lest I might injure the decomposing remains. 

The skeletons of two individuals were found, all in a confused heap, 
occupying a space less than two feet square, except that the leg-bones 
were extended in different directions, perhaps a foot farther, each way. 
The sknlls had evidently fallen down npon the other bones of the skel- 
eton, and all had been crushed together by the falling earth. They had 
evidently been baried in a sitting posture, back to back. While ex- 
huming them I concluded there were but two persons, but on a raore 
critical examination I find some IVagments of a lower jaw, which lead 
me to think there may have been three. 

Most of the bones bad become as soft as the surrounding earth, and 
while I conld see and follow their outlines it was impossible to remove 
them, except in fragments. One upper jaw was perfectly outlined in 
the earth, with the full row of teeth upward, but it crninbled to 
powder on attempting to remove it. Tlie skulls were crushed and the 
lower fragments were in the same state of comparative decomposition. 
I secured the right half of the frontal plate of one and the lower jaw 
nearly entire. The teeth were worn flat, indicating great age and hard 
food. The molars and five incisors were perfect, but both canines and 
one incisor had been lost and the bone had grown over and closed the 
cavities. I regret that these teeth have nearly disappeared in drying, 
falling to pieces like slaked lime. 

I also secured a fragment of the right frontal bone of another individ- 
ual, which I conclude to be that of a female, from its difference in form, 
and from the fact that the teeth in the ftagments of the jaw found with 
it indicate mature age. The teeth are perfect and beautifully white 
when washed. 

S'either pottery nor weapons were found in this mound, but in the 
one through which the railroad was cut were found a stone pipe of 
beautiful workmanship, two awls of native copper, a large earthen 
jar containing a black substance, and an earthen bowl, which are de- 
scribed as having handsome designs on the surface, but which were 
broken and lost, and ten spear and arrow heads, Ave of which I se- 
cured and have represented. They are of a white flinty stone, with a 
delicate chipping, and are quite thin. The form is different from any 
of the hundred or more specimens in my. cabinet, which are mostly 
" surface-flints." 

Since I was there I learn that there have been exhumed from the small 
mound on the railroad bank, (No. 1,) a copper batchet, which, from the 
description, £ conclude to be similar in form to the European bronze 
" celt," two more copper awls, or needles, and two jars of pottery, both 
broken. I have made arrangements to secure them. These remains, 
as near as I could determine, are found on or immediately below the 
original surface. The earth in the mounds is as hard aud compact as 
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tbe sarroaDding strata, and immediately around tiie skeletons is dis- 
colored. I dug through about six iucbea of black lOiituy earth before 
coming to tbe boues. Tbey were found in what was uoiirly the exact 
center of tbe monnd. 

At Hascall, a few miles west, I found a small ball of baked potter's clay 
in which pounded shells had been mixed. It bad been squeezed up by the 
hand just as wo see children form balls of dough or putty. It is of the 
color of Philadelphia brick. What is remarkable about it is, that not- 
withstaoding the lapse of time since it was baked it not only shows the 
marks of tbe fingers, but even the lines of tbe skin are clearly impressed 
on its surface. 

Some phreuolopists would say that a race with forehends like those of 
this race had no brain capacity, and could have no intelligence. Yefc they 
fabricated and used tools and weapons, some of which are of fine work- 
manship. They understood the ceramic art, and that they had a religion 
DO one can doubt who reflects that they erected snch monuments to the 
memory of their dead chiefs, or showed such care for the safety and com- 
fort of their passage to the spirit-woild as esbibited in placing beside 
them jars of food and water, their pipes and weapons, aud perhaps by 
their sacrificing and bnrying with them their favorite wives. It is difficult 
on any other hypothesis to account for these facts. 



ANTIQUITIES OF ALLEN AND DE KALB CODNTIBS, INDIANAi 

By E. S. BoBEitTsos, Fort Waynb, Ind. 

I inclose by to-day's mail manuscript description of monnd-remains 
in Allen and De Kalb Counties, which I hope may be considered worthy 
of a place in your report. I think it important to describe locations of 
mounds as far as discovered, and when Northern Indiana is fully 
explored, it will prove rich in prehistoric remains. 

I have been careful to defer noting anything from reports, which are 
almost always much exaggerated, until I can verify them by personal 
examination, for instance, some ten days since I rode twelve miles la 
carriage and ten on liorseback and return, to visit a fortification and 
monuds in tbe north part of Huntington County, only to find a very 
large beaver-dam. As reported to me, it was said to inclose from 160 
to 200 acres. I found a beaver-dam, in zigzag lines, nearly 1,000 feet In 
length, and half a mile farther on two more, one about 300 and the other 
600 feet long. 

Since my paper containing a description of the location and contents 
of thoi mounds at Union Mills, I have received from there a copper 
implement 4^ inches long, 3J inches broad at the cutting-end, and 1 
inch at the other, and | of an inch in thickness. It is slightly convex 
on one side, and has apparently been flattened by hammering. I class 
it among the hatohete of the "Age of Copper," although it has no groove 
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for the liandle. It was exlmmed from one of the small monods of the 
group descril>ed by me, aud with it was a copper awl or needle 3 ioches 
long, pointed only atone end. The aime monnd fnrDished fragments 
of two different vessels of pottery, one deep and narrow, with banda 
cut in chevron patterns upon the outside. The other was apparently 
about the shape of the glazed earthen vessels used by onr farmers for 
milk-pans. The outside of this has been highly ornamented with cut 
and indented patterns, but the device cannot be made out IVom the 
fragment in my possession. Its inner sur&ice has been smoothed by 
pressure, I think, upon a potter's wheel. Bones of a single skeleton 
were found iu this moand^ bat Qufortnoately no record was taken of 
any peculiarities. 

During the summer I have investigated the prehistoric remains of 
Allen and Ue Kalb Counties as far as my opportunities would allow. 
All that I have discovered thus far have been in the vicinity of the 
Saint Joseph River, which flows from the northeast to the bead of the 
Manmee and of one of its tributaries. Cedar Creek, which flows from 
the northwest into the 8aint Joseph. I know of no mounds on the Saint 
Joseph much above the mouth of Cedar Creek ; and the greatest number 
are ou the creek in Ue Kalb County and the northern part of Allen, 

Near Waterloo, in De Kalb County, R. W. McBride, esq., an enthusi- 
astic archaeologist and collector, had excavated two mounds, finding 
in one the remains of a great number of human skeletons, apparently 
bnried in a promiscuous heap, and in the other, not tar distant, a single 
skeleton. The bones were too much decayed for preservation. One of 
the skulls, be says, appeared to have been crushed by a blow. from a 
blunt instrument. He found no works of art, but in examining the 
rubbish afterward with him I* found the b^t^end of an arrow-bead of 
flint and a small fragment of pottery. These two mounds are about 50 
feet apart, are ahont 30 feet in diameter, and about 4 feet in height, 
and are situated on the high ground bordering a marsh, which has once 
been a small lake. The remains were laid on the surface of the ground, 
covered with earth, and flres built, which baked the earth and calcined 
some of the bones. Quit© a layer of charcoal and asbes was passed 
throngb in digging, and above this layer earth bad again been bcaped. 

From there wo went to Smithfleld Township, six miles northwest of 
Waterloo, where, on the farm of Mr. Buffner, is a circular earth -work 
about 600 feet in circumference, with two entrances opposite each other. 
The earth-work is from 2 to 2^ feet high, with a ditch outside. Very 
large trees, which grew ou the embankment, have fallen and gone to 
decay, and a black oak standing just inside the wall measured 12J feet 
jn circumference at a height of 6 feet from the ground. The " fort " is 
situated iu the woods, on a high piece of ground, which is nearly sur- 
rounded by ravines cut by the action of two streams now nearly dry. 

We next went to the farm of Henry Gouzer, in Fairfield Township, 
where a mound once overlooked a small lake, which is gnft^nallv filling 
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from the wash of the sarroaiiding hills. Tlie moiind is dow nearly 
obliterated by cultivation. We were informed by Mr, Goiizer that 
it was opened about twenty years ago, whea a skeleton was found 
the thigh-bone of which was aa long as his leg, and the skull as 
lui'ge as a batf-baBbel uieasare. We dag a little below the surface, 
aad found a few hones, among which was a broken tbigh-bone of the 
ordinary size, thus destroying a myth which has been a belief of the 
credulous of the neighborhood for twenty years, that "there were 
giants in those days," and that one was buried here. 

The next day we visited a point five miles northeast of Waterloo, 
where there are several groups of mounds. In the woods on Mr. 
Boyer's farm we found a mound about 12 feet in diameter and 3 
feet high, composed entirely of large bowlders. It has been there ever 
since the settlement of the conntry. On removing the stones and dig- 
ging beneath, we found that the original soil bad never been disturbed, 
and no remains were found. Near by in a cultivated field was another 
mound of earth nearly obliterated by cultivation. Excavating it, we 
found numerous bits of charcoal, and several fragments of pottery, but 
no human remains. A sort of trench from side to side had beeu filled 
with what appeared to be dried swamp muck. Its outlines were quite 
well defined in the sandy loam of the rest of the mound. 

On the adjoining farm of Mr. Taylor, about half a mile distant, wore 
two more mounds. We dug into one of them, finding again charcoal 
and fragments of pottery, but no human remains. None of these mounds 
are more than 3 feet high, and generally have a base of from 20 to 30 
feet. All through this section many fiints and carved implements and 
ornaments of stone are found by the farmers. Some of them are per- 
forated, and nearly all are of the banded siliceous slate, which seems to 
have been so highly prized by the mound-builder. One found in this 
vicinity and now in my collection is represented in Fig. 2. The boy 
who found it described it aa a " stone bayonet," and his mistake seems 
quite natural when we look only to the shape of the ornament. It is 
intended to represent a long-billed aquatic fowl, and was probably worn 
as a totemic emblem on the head-dress of a prominent chief, to which it 
was attached by thongs passing through the holes drilled in the ends. 
The tail is unfortunately broken o£f. Mr. McBride has several in his 
collection, some of which are fair representations of birds. He has one 
almost precisely like Fig. 27 in Foster's Prehistoric Baces, and has also 
a fac simiU of the implement found at Danville, 111., represented in 
Fig. 28 of the same work. I have seen a number of articles carved 
irom this ribboned slate, some of which are shaped like a double-edged 
hattle-ax, but too slight for use. They all have a smooth, regular hole 
drilled through the center about % of an inch in diameter. I con- 
clude they were carried as emblems of authority in processions on 
state occasions. 
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We beai'd of otber luonnds in De Kalb Coanty, bat bad nO time to 
visit tbem. 

In Alleu County tbese remains are not so numerous, and tbere are 
none at all in the southern part of the county. 

On Cedar Creek, about ten miles uortb of Fort Wayne, is a gronp 
of four mounds, near Stonet's Station, on tbe Fort Wayne, JacltsoH and 
Saginaw Railroad. Two of tbem are in a line north and south, about 
40 feet apart. Abont fifteen rods east of these are two more, about the 
same distance apart, on a line nearly east and west. Three of them had 
been opened years ago, and bones of a number of skeletons found in all. 
Tbe fourth bad never been disturbed, but an excavation disclosed no 
remains, out many fragments of charcoal and haid-baked earth. I pro- 
cured in the vicinity a large stone ax and a spearhead of large white 
fliut, leaf-shaped, and abont 5 inches in length, (Fig. 7,) besides a num- 
ber of smaller flints. These mounds are on the high gronnd at the junc- 
tion of Cedar and Willow Creeks. About four miles south of these is a 
large, irregular-shaped mound, about 50 feet long by 20 in width. 
It is situated on the farm of Henry Wolford, whose family, being some- 
what superstitious, wonld only permit me to dig a small hole near the 
eenter of tbe mound. About 2 feet from the surface I found an im- 
plement (Fig. 31) of ribboned slate, with a perforation near one end, of 
tbe class supposed by some to be a weaving shnttle, and by others an 
implement for ganging cords. Plenty of charcoal was found to a depth of 
about 4 feet. Below that tbr a foot the earth was very hard, as if baked, 
until the original soil was reached. I found no bones in this mound. 
There is no stream in the immediate vicinity, but a large marsh lies 
directly east of it. 

At Cedarville, on the Saint Joseph, near the mouth of Cedar Creek, 
are three mounds abont 100 feet apart, situated in a line running north- 
west, parallel with the general direction of the river at this point. I4one 
of tbem have been opened, bnt one has been partially removed to mend 
tbe road, and charcoal was found mingled with tbe earth. 

Descending the Saint Joseph on the east side, to tbe farm of Peter 
Notestine, oue of the oldest settlers, we find a circular " fort" in a bend 
of the river similar to the one in De Kalb County. It has been plowed 
over for nearly thirty years, but numerous fragments of pottery, flints, 
and stone implements are yet found in and about its site when newly 
plowed. Mr. fi. J. Budisill, county auditor, has a large rude pipe of 
pottery from this place. Tbe bowl and stem ore in one piece, and the 
end of the stem, which is nearly an inch in diameter, has been flattened 
by the fingers while plastic for a mouthpiece. 

Still farther down the river, on the west side, opposite Antrup's Mill, 
is a semicircular "fort" with its ends on the river-bank. It is about 
600 feet in arc The earthwork is yet about 2 feet in height, with a 
well>deflued ditch on the outside. Very large trees which stood on the 
embankment have fallen and gone to decay. We found in the earth 



384 AHTIQUITIES OF JACKSOiT COUNTT, TENNESSEE — HAILE. 

wbicb had been upturned by a fallen tree a fragraent from tbe neck of 
a vessel, witb sqaure indentations on tbe ttnrfnce, auda dint, flat on one 
side and regularly^ehipped to a concave surface on the other. Still far- 
ther down tbe river, at tbe month of Breckinridge Oreek, is a single 
mound, nbich baa not been opened, except a slight excavation, which 
developed the customary lumps of charcoal. This point is about four 
miles north of Fort Wayne, and is the most southerly point in the 
county at which mounds or earth-works are known to exist. 

Still, on the ridges, implements and ornaments of the " stone age " 
and fragments of pottery are often found in many parts of the county, 
and many of these articles have a beauty of design and a polish nn- 
kuown to tbe Indians who were found here on the advent of the whites. 
Some of the flints are beveled, and others seem to have been cut in a 
winding form, probably for the same purpose as tbe beveled ones — to 
give a rotary movement to the weapon. Tbey are of every variety of 
flints or cherts, and one I possess is a beautifully veined agate. Pro- 
fessor Foster criticises Longfellow's lines — 



and says, " Sandstone was never used by tbe mound-buildere as a mate> 
rial for arrow-heads." I have in my collection a broken arrow-bead 
chipped from sandstone, which proves that Longfellow was right and 
his critic wrong. 

Some of the stone ornaments are of a material not found in this local- 
ity, except in a worked form. Tbe ribboned siliceous slate seemed to 
have been held in special estimation, and I have part of one which 1 
presume to have been an emblem of authority. It differs trora any I 
have seen figured. It is of a reddish-veined slate, and had two perfo- 
rations for the handle, but is broken through both holes, the interme- 
diate piece being lost. The holes are about g of an inch in diameter, 
regularly drilled. 

I send you with this rude drawings of other implements and weapons 
in ray collection, which I have selected as types of the relics of the 
stone age found in this vicinity, and which I hope may prove of inter- 
est. Tbey are all fh)m this county, except those noted as from De Kalb. 
They are drawn the exact size of the originals, and tbe flaking and 
chipping represented as exactly as my artistic skiU, or rather want of 
it, will permit. 



AlTTHiriTlGS OF JACKSOlf COIIVTT, TENNESSEE. 

By Rev, Joshua Hailr, op GAiNKsnoRocflH, Tbsn. 

[CommaDicated by Jamea W. MoHenry, of Nashville.] 

There is a mound in this county, on tbe field of Mr. Philip M. Eay, 
about forty yards in diameter oaA nearly 8 feet high, though lower at 
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present by several feet than it was forty years ago. This moaDd has 
been only imperfectly examined, and nothing found beyond a vessel or 
two made of clay and sliglitly burned. Ho bodies have yet been found 
in the mound or around ib. 

There are graves and a monnd on my place, which have been carefully 
examined. The mound is near the middle of a valley, on the east side 
of Flynn's Creek, abont one hundred and twenty yards from the stream. 
It is abont forty yards in diameter and at the present time over 6 feet 
above the general surface of the land. Snrrounding the base of this 
mound were placed loose, rough stones, forming a wall of 4 or5 feet 
high. I have made excavations into this mound, and in different parts 
of it found that it is entirely filled in every part with graves just as close 
to one another as they could be placed. They are found at the present 
time from 38 inches to 2 feet below the surface, where there are no 
washings ; this seems to be their usual depth. The graves are not con- 
fined to the mound, for the surrounding valley, containing fifty acres or 
more, is filled with them as close as tbey can be placed. These graves 
are generally in an east-and-nest direction, and sometimes facing the 
southeast, and occasionally, where the rock interfered with the position, 
they are found without regard to direction, compactness seeming to 
have been the leading idea. A great many of these graves have been 
opened. They vary from 18 inches to 5J feet in length, and skulls, with 
the jaw-bones still fastened to them, have been found ; also ribs and 
leg-bones ; in short, all the solid bones of the human body, with little 
sign of decay. 

The manner of burying seemed to be as follows : The graves vary in 
width fhim 10 to IS inches ; the coffins consist of slates, at the bottom 
of the grave, closely fitted together ; then slate set nxK>n the sides and 
at the ends, all of the same height, of about 15 or 18 inches. These 
slates are generally in their rough condition, and the bodies seem to 
have been deposited, and then one or two slates or other stones, smoothly 
dressed or polished, laid over them. The stones are closely fitted 
together where two are used, and, from the compactness, seem to have 
been united with cement. The lid rests on the upright stones, and gen- 
erally projects over the sides 3 or 4 inches. When these graves are 
opened, they are found dry within, and generally contain some toys, 
consisting of small jugs, crocks, skillets, or other small vessels, made of 
clay, with the image of a man, eagle, or some other bird, evidently 
stamped on them while in a soft state. The vessels vary in size from 
the capacity of a pint to that of a gallon. They have been burned 
slightly, but in no case have any been found glazed. There is at this 
time one of these vessels or jugs, at T. L. Settle's, in Oainesborough. 
Some of them have legs and handles. 

These graves were first discovered about fifty years ago, when the 

valley as well as the mound were covered with a dense forest, composed 

of trees of a large siza A.violent storm blew over some of the large 

trees, upturning the roots, and thus uncovered the gravea i 
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Gontigaous to what may be called the valley of graves, on the wesi 
side of FlyDD's Greek, is a low bluff, ia which is a hole large enoagb to 
take in at its mooth an ordinary-sized barrel. This hole is the entrance 
to a cave under the hill, which has been explored to the distance of about 
300 feet. This cave is high enough to allow walking in it erect, ia 
quite roomy, and perfectly dry. In it was found, in 1863, a chest or 
box, made of black-walnut plank 1| inches thick. It was about 2 feet 
loug, 12 inches wide, and 16 inches deep, with a well-formed lid of the 
same wood. It was decayed on the outside with dry-rot to tho depth 
of about 1 iuch, and in some places the finger could be pasbed 
through the wood ; in other places the material was sound inside, and 
showed that the chest had been neatly dressed with a plane or some 
other tool, and lined with cloth or some fine, soft substance. In it were 
found wrapped up, in about three yards of large-checked gingham, a 
part of which was still sound, about tweuty surgical instrument^ con- 
sisting of a crooked knife, a crooked scissors, a lancet, and other articles 
of which I did not know the name. These instruments were not badly 
rusted, aud in some places still quite bright; they were made of fine 
steel, finely polished, with bandies of tortoise-shell. Dr. U. T. Brown, 
who has since died, took charge of them, and perhaps his family has 
some of them still. 

On the hill, some 200 yards high, which joins this valley, is found a 
pile of loose, rough stones, 5 or 6 feet high. It has not been opened, 
and therefore no information is to be given as to its contents. 

On the top of another hill, which joins the mound in P. M. Ray's field, 
about the same distance and height from the mound, is a similar pile of 
loose stones, which has not been examined. 



^NTIIlUITieS OF PERKY COUNTY, OHIO. 

jJr W, Andersom, of Bkownsvillii, Ohio. 

I send to the Institution some specimens of antiquities from Periy 
County, Ohio. The mound from which they were obtained is 6 feet 
high, with a diameter of 25 feet. I found nothing until I reached the 
original surface of the ground, where there were ashes and charcoal. 
Two feet beneath these was the skeleton. The relics were deposited near 
its bead. Around the neck was a string of beads of sea-shells. :Near 
its right hand was found a plano-convex stone with holes in it. There 
were also a large number of arrow-heads and stone axes with and with- 
out grooves. . 

The skeleton was in a poor state of preservation. I saved afew bones. 
Around the skeleton was a quantity of ash-colored soil like that of de- 
composed bark. I send a specimen of each. 
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AirilQUlTIES OF CaiBIBS COVVTT, HAKTliSD. 

Bt Ouvxr N. Bbtan, of Manhall Ball, Maryland. 

The following paper does not propose to be an entire summary of all 
the lodian relica in this county, bat only to present a list iu part of 
such as have been foand apon my farm on the Potomao, opposite Mount 
Vernon, and of a few found upon the adjoining estates. What I propose 
is simply to give a glance at my own cabinet, which I have been accu- 
mulating for the last ten or twelve years, and at a few specimens I, from 
time to time, have sent to the Smithsonian Institution. 

Some ten or twelve years ago I became interested in gathering up, as 
opportonity offered, the stone arrow-heads, axes, &c., that happened to 
lie iu my path, scarcely witbont fanowing why I did so. At that time 
an interest in archaeology had not developed itself in my mind, but now, 
with a taste somewhat cultivated iu that direction, and more sharply 
eyed by practice, I take great pleasure in gathering up everything of 
the kind that falls under my observatiou bearing evidence that it can 
be referred to human ingenuity. I have become deeply interested in 
the subject, and earnestly desire to add my mite toward developing 
the history of the ancient people who lived upon the ground which I now 
call my own. 

Among the articles I have gathered in my walks are axes, hoes, arrow 
and spear points, scrapers, and lances of stone and bone, wampum and 
pottery, pipes, needles with two holes, mortars, sinkers, hammers, chisels, 
paint-material, bones (human and brute) from Indian graves, and speci- 
mens from muscle-shell heaps. I have also fonnd axesof greenish jasper, 
of various shapes and sizes, one of which J sent to the Smithsonian Insti- 
tution ; found about three miles from my bouse. It was double grooved 
and very long, and in respect to the extra groove was unlike any other 
that I ever saw. The arrow-poiota show a greater diversity of form and 
mineral than the axes or any other implement. I have them of quartz, 
jasper, agate, chalcedony, hornstone, flint, lydian-stone, and a very rough 
one of a granitic character. They vary in leugth from i inch to 4 
inches. 

It is evident that the makers of arrows coald not work the stone, by 
chipping, to any desired form, as is proved by the fact that no two points 
can be found exactly of the same shape and size in all respects. Com- 
pare two of the same length ao<l material and you will find one more 
nmbilicated than the other, bases differently notched, points not true 
with the base, and many other difTerent phases, which plaiuly show that 
the character of the mineral contr oiled the makers at least in part. This 
is not, however, the case with axes, pestles, or other implements sub- 
mitted to a robbing or grinding process. The makers of these had evi- 
dently a mechanical eye as good, as far as their range extended, as that 
of the mechanic of the present day.' Nearly all the rubbed implew""*- 
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have tlieir proportious wroaght oat, on both side8,-a8 trne to the design 
of the artist as could be done in our day upon sach work. 

Some of my arrow-heads have their points so crooked that one might 
fancy that tbey were intended to shoot arouud a corner. Besides arrow- 
points with bases to fit to the shaft, I have many withont the projecting 
base, from one to three inches long; others with fiat and thin bases, said 
to be war-implements, and to be left in the wound; and some few almost 
triangular. These last are generally more perfect than the regular- 
pointed. 

The hatchets, so called, did not apparently answer the parpose of the 
modern instrument of the saoio name, aud, so far as I can see, were 
never used by the Indian in that way. I have never seen one robbed 
or worn, and this is true also of the axes. The latter were, in my opinion, 
used exclusively in war and iu the chase. 

Pottery seems to have been very extensively used among the ancient 
inhabitants of this region ; some of very good quality, others very 
imperfect ; some baked doubtless in nets, other as certainly without nets. 
I have one piece which, from its curvature, indicates a diameter of 17 
inches, others from that down to 4 inches; none with ears or handles, 
but some with deflected rims. Some of the pottery has pounded chal- 
cedony mixed with theclay of which it is composed; more, however, with- 
ont it ; another variety is worked out of soapstone or steatite. I have 
a number of pipes, one of clay, one of limestone, representing the human 
face and head in good style, and another of steatite showing a fox's 
head, a most capital representation. There are hammers in the col- 
lection, large and small, one weighing S pounds, 8 inches long, 6^ inches 
broad, 2J inches thick. 

Mortars are found on my farm. A broken corn-mill was sent from it 
a year or so ago ; a medicine-mortar was also presented to the Institu- 
tion, I have another, a paint-mortar, very nnique, 4 inches long, aud 2 
broad, with a cavity on both sides (top and bottom) for the thumb and 
fingers to hold the article while the party is painting himself. The 
corn-uiill was found three miles from my house. I think it singular that 
among the articles I have found on my farm there has not been a single 
corn-mill, although I have found a piece of a very large pestle. I have, 
however, two other very small mortars, which I suppose must have 
been for medicine or paint. 

I have gathered since I commenced my collection, as stated above, 
everything that showed any trace of human art, consequently have 
quite a variety of unfinished pieces, some just begun, others more per- 
fect, showing at once the implement to be formed. One piece, for in- 
stance, of yellow quartz, 10 inches long, 5 broad, 27j thick, weighs 6 
pounds, intended to be a spear; another quartz piece, cimeter shape, 
16 inches long, 3^ inches broad, 2^ inches thick, weighs 6^ pounds, 
seems to be for a war-club, having a handle sufficiently developed for 
that purpose. There are also a variety of net-sinkers, very rough, of 
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cobble-stones; needles, odb of stone, IJ inches long, J inch wide, ^^ 
inch thick, with hole and notch in one cud ; another, of horn, 7 inches 
long, ^ inch wide, very thin; a third, of bone, aq inch long, of cylin- 
drical form, constrncted from the rib of some very small animal. 

Wampum. — ^There are in my collection ten pieces of a bead, nine oi 
shells, one of stone; another of shell, 4 inches lou^, ^ inch thick. This 
last sbowB that the Indians inust bare had some communication with 
the ocean, as no shell now found in the river or bay would make such a 
bead. These wampnm were taken from an Indian grave npon Piscata- 
way Creek. There are doubtless graves in this ueighhorhood, but as 
yet I have not been able to find them. I heard, a few days ago, of some 
graves washed out, about flfteeu miles below me, which I shall visit. 

We have near my place several small " shell- heaps" of muscle-shells, 
CompliTiatw, nearly all weathered out, from which I have obtained 
specimens of pottery and bones of such animals as the ancient people 
ate. One remarkable bone was submitted to Professor Cope, which 
was pronounced by him to he the tarsus metatarsus of some large 
water-fowl, but I have examined all the skeletons of that class in the 
Smithsonian museum without finding anything like it. It might seem 
at first that the Indians here were driven from necessity to eat muscles, 
but from experiment I think otherwise. I have tried this moltusli, and 
find it, when well cooked, quite a savory dish, as good, to my taste, as 
common oysters. 

We have also in this region and also in Saint Mary's the true oystev- 
shell heaps ; one at Pope's Creek, covering thirty acres from one to six 
feet deep. Oyster-shell heaps abound upon the Wycomico Kiver, and 
there are several in Saint Mary's County, upon the Potomac, the Wy- 
comico, and Fatuzent Rivers, and upon the bay. Ko ethnologist, so 
&r as I know, has ever visited these localities. Although, near as they 
are to me, I have not yet visited them, intending to do so, I have been 
prevented by the constant recurring duties of the farm. 



INTIQUITIES OF STiNLT OD HONTeOMCBY COUNTIES, KORIH CIROIIXA. 

By F. J. Kkon, of Albemarle, N. 0. 

I forward to the Institution, from Salisbury, N. C, by express, a 
small box containing some antiquities collected iu this part of North 
Carolina, [the counties of Stanly and Montgomery,) on both sides of 
the river called Yadkiu above and Fedee below the mouth of the 
Uharree Biver, on an area which, may be embraced at a glance from 
the accompanying sketch, rough to be sure, but the bearings and dis- 
tances of which are very nearly true. 

From the vestiges left here by the Indians it must have been 
a place much ftequented by them. They have now all disappeare<1 
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trojn aboat here. Some fifty yeara ago, however, bands of ten or more 
were freqoentlj met with od their way to Fayetteville, armed with bows 
and arrows, and ready for a reward to display their dexterity in bittiag, 
before it came down, a piece of coin tossed up in the air. 

Implements of war or the chase, broken pots, bnmod stonea, where firea 
had been made, and arrow-heads chipped from minerals, are met with in 
all directions, in tb« bottoms a]oD|f tl^e river, and on the hills within a 
mile or so of the nnmerous fishing-stands along the baulcs ot the stream. 
Between the month of Uharreeand Island Creek, on tbe rtver-bottom, tai^ 
spaces are covered with chips and blocks of chert from which pieces had 
been taken. The lauds being all made by successive deposits from the 
stream, the remains are found from the snrl'aoe - down to the old bed of 
the river, to the depth of abont four feet. Broken pots^of various ma- 
terial and ornamentation, can be picked up. Among those sent to t^e 
lustitntioQ will betbnad one. heavy specimen of soapstoue^a mineral 
not found in this neighborhood. Some years ago, a whole pot was 
washed up during a fieshet, but the vessel, which was of about two gal- 
Ions' capacity, and gourd-shaped, unfortunately fell into the hands of 
children, was broken, aud only a few fragments saved. 

Immediately below the month of Uharree Uiver, across the Pedee, 
when the waters are low, there can yet be seen the greater part of a 
stone ford, in the form of a zigzag rail-fence. In 1829 it was still entire, 
and could be used for passing over tbe stream ; but tbe stones have 
since been removed from both extremities for the building of flsh-dams. 
What remains, however, indicates the sound engineering notions of the 
builders when they traced their path along a course the angles of which 
would divide the force of the stream. 

No mounds nor vestiges of other permanent works are to be found. 
What remains seems to have been left on a vast camping-ground during 
the shad-fishing season, which iu those days must have yielded a pro- 
digious number of fish ; for, not fifty yi'ors back, more shad could yet 
l)e caught than could ^be cared by the fishermen. Hot so, however, now. 
Game must also have been an attraction, for the wild approaches of the 
river are, even now, much viated by huntiog-i>artie3 of the white race. 



INTIQUITIBS OF FLOBIDA. 

By Augustos Mitchell, M. D., o/ Saint ilari/'i, Georgia. 

Wliile in the South during the winter of 1848, pursuing the study 
and collecting specimens of ornithology, I was impelled by curiosity to 
examine a monud of a moderate size situated on the southern portion of 
Amelia Island, Florida, being kindly furnished with colored laborers, 
aud aided by Dr. K. Harrison, 

This mound was about 15 feet in height, and 30 feet in diameter at 
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tfae base, flattened and worn by attritiec for ages; there hayiDg; been 
two growths of live^ak apoa it, as stated by an old Spanish iobabitaat 
of the place. The soil composing the monod was of a light sandy, yel- 
lowish loam. 

We comtueDced the examination by cuttinga trench! feet wide directly 
throagh the center, from the apex to the base, aud then another trench 
at right angles to the former, l^e excavation revealed a number of 
relics, and the mode of burial of the monud-builders. They must have 
commenced by digging into the surface of the ground about 2 feet; 
then, partially filling the excavation with oyster-shells, they placed their 
dead on these in a sitting posture, their legs bent under them, with their 
faces to the east, and their arms crossed upon the breast, aud next 
spread over them a stratum of earth. It is evident that in the succes- 
sive burials the earth was reopened, and the additional bodies were 
placed close either to the back or side of those which had been previ- 
oasly interred, until the whole of the first layer was complete ; then the 
circumference of the mound was walled in by a compost of marsh-mad ; 
and then another layer of oyster-shells was placed over the heads of the 
first layer of bodies, and a continuation of the mud wall, nntU the 
superincnmbent layer completed the monnd to its apex. 

Full three centuries must have rolled their tempests over this aborig- 
inal reitository of the dead. I quite expected to find everything like 
mortal remains returned to dust. But in this I was in error, as through- 
out the mound parts or complete portions of the bony structure still 
remained ; those on the southern or sunny side being in a more perfect 
state of preservation. Counting the remains existing in the different 
layers of this ancient tumulus, it must have contained about four hun- 
dred individuals. 

As w© proceeded with our work, the interior of the mound presented 
many objects of interest to the ethnologist. We could not, however, 
secure many of these, since they crumbled, except the teeth, to dust as 
soon as exposed to the air. I had therefore to stndy them mostly in 
the earth, carefully scraping it away with a knife.- 

The conformation of the crania found in this mound appears to differ 
somewhat from that of the present Indians ; the facial angle less, 
with superior depth of the frontal region, and greater capacity for the 
anterior lobes of the brain ; the outer surface of the skull somewhat 
oval, smooth, and regular; frontal sinuses large; high cheek-bones; 
cavity of the antrum large; orbital cavity of the eye deep and large; 
occipital protuberance very large, with a great development of the 
organs of philoprogenitiveness ; superior depth of the base of the infe- 
rior maxillary bone; rough serratures and deep depressions for the 
attachments of powerful muscles of that bone. 

The teeth of many of the crania of this mound were, without ex- 
ceptions, in a perfect state of preservation, the vitrified enamel of 
these organs being capable of resisting exposure for centuries. These 
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teeth presfloted dUtiuotlve appearanoes tbroughoat, iu the abseace of 
the poiated cauiaes ; the incisors, oaoine, cuspides, aud btcaspides all 
presented flat crowns, wora to siuoothuess by the attrition of sand and 
ashes eaten with the half-cooked food. A bi-section of some of these 
teeth showed the dentat nerve to be protected by an unusual thickness 
on the surface of the crowu. Not one carious tooth was found among 
the hundreds in the mouod. Man; were entire in the lower jaw, the 
whole compactly cod firmly set. In some the second set was observed ; 
whileone jaw bad evident signs of a third set, a nucleus of a tooth being 
seen beneath the neck of a tooth of a very old jaw, whose alveolar pro- 
cess was gone, and the whole lower jaw ossified to a sharp edge ; none 
showing the partial loss of teeth by caries and decay. 

Some of the skulls showed evident marks of death by violence, as 
from the hands of the enemy in war. In one instance the flint arrow- 
head was seen sticking in the left parietal bone. A number of sknlls 
were broken in, mostly at the vertex, seemingly by that rude weapon, 
the stone battle-ax, which was so effective on the skulls of the Spaniards 
iu the early periods of their settlement of Florida. It is evident that 
sanguinary conflicts often took place between tribes. of the mainland, 
in their disputations for those enviable islands of the sea-coast, abound- 
ing theu iu spontaneous productions and surrounded by fish and oysters. 
No remains of these, much below adult age, were found ; the weak and 
slender frame had returned to dust. All that could be traced of their 
mortality was a carbonized deposit iu the clean sand, with here and 
there a small fragment of bone. 

Pursuing my investigations, and excavating farther toward the south- 
east face of the mound, I came upon the largest-sized stone ax I have ever 
seen or that had ever been found in that section of the country. Close 
to it was the largest and most perfect cranium of the mound, not crushed 
by the pressure of the earth, complete iu its form, quite dry, and no,8and 
m its cavity; together with its inferior maxillary bone, with all the teeth 
iu the upper and lower jaws. Near by the side of this skull were the 
right femoris, the tibia, the humerus, ulna, and part of the radius, with 
a portion of the pelvis directly under the skull. All of the other bones 
of this large skeleton were completely or partially decayed. Contiguous 
to this was nearly a quart of red ocber, and quite the same quantity of 
what seemed to be pulverized charcoal, as materials of war-paint. 
Anticipating a perfect specimen in this skull, I was doomed to disap- 
pointment ; for, after taking it out of the earth and setting it up, so that 
I conld view the fleshless face of this gigantic savage, in the space of 
two hours it crumbled to pieces, except small portions. According to 
the measurement of the bones of this skeleton, its height must have 
been quite 7 feet. 

There were three distinct rude ornaments in this mound. First, the 
vertebra of a flsh, painted with red ocher, and well preserved. Second, 
an hexagonal bead, made from the tooth of the alligator, (uot painted.) 
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Tliirrt, the iQtemal lamiDa of an oyster-shell, oat into small circular 
spangles, pierced with a hole in the center, and threaded with theflbrilliB 
of the tendon of some animal, closely strung, and painted with red 
oc-her. 

Ooal was freely diffused throughout the mound, which contained but 
little pottery. Two stone hatchets were found, and a small stone as, iti 
addition to the large one described. This instrument bore evideut marks 
of fire. 

There is one large mound on the eastern end of Amelia Island, Florida, 
and two mounds on the central portion of Cumberland Island, Georgia, 
likewise most of the islands on that coast, from which could be obtained 
large collections of materials for the advancement of ethnological 
science. 



INTlllDITIES OF FLOUDA, 

[Extract from the journal of John Bartraui, of Pbiladelpbia. London, \7iX).~\ 
"About noon [26th January, 1766] we landed at Mount Koyal. and 
went to an Indian tumulus, which was about 100 yards in diameter, 
nearly round, and near 20.feet high. Found some bones scattered on it. 
It must be very ancient, as live-oaks are growing upon it 3 feet in diam< 
oter. What a prodigious multitude of Indians must have labored to 
raise it, to what height we cannot say, as it must have settled much in 
such a number of years ; and it is surprising where they brought the 
saud from, and how, as they had nothing but baslieta or bowls to carry 
it in. There seems to be a little hollow near the adjiiceot level on one 
side, though not likely to raise such a tumulus the fiftieth part of what 
it is i bnt directly north from the tnmulus is a fine straight avenne aboui 
60 yards broad, all the surface of which has been taken off and thrown 
on each side, which makes a bank of about a rood wide and a foot high, 
more or less, as the ndevenuess of the ground required, for the avenue 
is as level as a floor from bank to bank, and continues so for about three- 
quarters of a mile to a pond of about one hundred yards broad and one 
hundred and fifty long, north and south, seemed to be an oblong square, 
and its banks four feet perpendicular, gradually sloping every way to the 
water, the depth of which we could not say, but do not imagine it deep, as 
the grass grows all over it; by itsregularityit seems to be artificial; if so, 
perhaps the sand was carried from hence to raise the tumnlas, as the 
one directly feces the other at each end of the avenue. On the south 
side of the tumulus I found a very large rattlesnake sunniuig himself; 
I supt>oso this to be his winter-quarters. Here had formerly been a large 
Indian town. I suppose there are fifty acres of planting ground cleared, 
and of middling soil, a good part of which is mixed with small shells; 
no doubt this large tumulus was their burying-place or sepulcber. 
Whether the Florida Indians buried the bones after the fiesh was rotted 
olf them, as the present southern Indians do, I cannot say." 
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Ammen, Commodore, deep-sea eonodings from 46 

AmpSre, electrical discoveries of 188 

Analyses of minerals 35,36,38,47 

Anderson.Prof.W, antiquitiee of "Perry Conntj, Ohio 386 

Antiqaities. (See Ethnology.) 

Antiqnitiea of Tennessee, by Dr. Joseph Jo'nes 14 

Appendix to the report of the Secretary , . 49 

Appropriations bj Congress for National Mnsenm . ■ 27, 121 

Appropriations for year 1875 lai 

Ar^n, electrical discoveries of 189 

eulogy on La Place 129 

ArchtEology. (See Ethnology.) 

Arctic expeditions, scientific results of Polaris .. . 46 

Arctic espedition, Swedish ^ 227 

Argentine meteorological observatory, tables printed for 14 

Army Medical Museum, Smithsonian deposit with 44 

Arny, Governor, additions to collections by 30,50 

Artesian wells, temperature of 249 

Art gallery. (See Corcoran.) 

Assistants in the Institution and National Mnsenm 6 

Assyrian tablet, from British Museum 57 

Asteroids discovered in 1874 26 

investigation relative to 19 

Professor Watson's plan for discovery of 26 

Astor, William B., succeeded by Profesijor Copp^ as Regent 7 

Astronomical discoveries, telegraphic annonn cement of 26 

Astronomy. (See Alexander, Bessels, Wheeler, Hayden, Powell, and Campbell.) 

La Place, labors and disooveriBs of 131 

Kepler, tabors and dlscovericB of 131 

Newton, labors and discoveries of 133 

26 8 401 



AstroQom^, Euler, labors and diecoveriee of 134 

CoperDicQB, labors and discoreries of 135 

HuygheDB, labors and disooTeries of 136 

Clairanlt, labors and discoveries of 137 

Cassini, labors and discoveries of .. . 139 

D'Alembert, labors and discoveries of 134 

Lagranf^, labors and discoveries of. .. 134 

Adams, labors aod discoveries of : 144 

' Ealley, labors and discoveries of 146 

Galileo, labois and discoveries of ........ . . .... 151 

BenioniIJi, labors and discoveries of 168 

LoSage, labors and dtscuveries of ISB 

BoffoD, labors acd dincoverieB of 160 

Asylums, warming and ventilation of '. 273,.305 

Atkins, Cbarlea G-, aalmon-batcbing by . 46 

Atomic theory 192 

Auroras, De laEive's tlieory of 195 

obSBTvatioDS on, Id Arctic regions'. 2S7 

records of 77 

Baiid, Prof. Spencer F., Assistant Secretary of the Institution 6 

fisb inquiry and propagation in charge of 44 

observation by, on teroporatnre of sea- waters 46 

report of, oaMnsenm .,. 27 

review of American birds...... 13 

specimens from 33. 50, 

Bancroft, Hod. Gleorge, acts of, as Regent and member of cxoontive committee. -5, 133, 

134,125,126,128 

elected Begent, vice General Sherman - 7 

Bank, First National, deposit with : 9,119 

Barnard, General J, G., problemsof rotary motion by 12 

Baxnnm, P. T., BpeciroeoB from : 31,^,50 

Barometer, work on, to be nndertaken 18 

Barracks, warming and ventilation of 2tK 

Bartram, John, antiqnities of Florida 393 

Baumhaner, Professor, Smitheoaianexcbange-agent at Harlem 21 

Bean, T. H., specimens from „ 34,51 

Bechler, Q.R., explorations by 39 

Becqnerel, experiments of. 193 

Belknap, Commander G. E., soundings on Tnscarora fh>m 34,46,63 

Bendire, Capt. Charles, specimens flrom 32,33,51 

Bequests to the Institution . 7 

Berlandier, collection of minerals from Mexico .. 53 

Bessels, Dr. Emil, scientific results of Polaris Arctic expedition 46 

specimens from 31,61 

Bibliotbfeqne Uni verse! le, De ! a Rive's conaoctlon with 300 

Binney,W.G.,sbBllB referred to 36 

Birds, referred to G. N, Lawrence 36 

Birds, review of American, by Prof. 3. F.Baird 13 

Bimie, Lieut. B., astronomical observations by 37 

Blackford, E. G., speoimons from 33,51 

Blunt, Lieut. S. E., astronomical observations by 37 

Boehmei, George H., arrangement of work on thunder and lightning by 18 

Boiling and melting points, tables by F. W. Clarke 13 

Bolton, Dr. H. Carrington, catalogue of scientific periodicals by 26 

Bones, analysis of : 361 

ii.C.ooi^lc 
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Borelly, comets obaervefl by 3G 

BoRsange Gustave, Bmithsonlan esohaDge-ageot at Paris '31 . 

BotAnioal index, by Sereno Watson .. l*i 

Botany. (SeeDe CaadoUe, explorations.) 

BimlaqMasenm, plaster caat of Tanis atone irom - S9 

Boyd, C. H., apecimeas ftom ; 33,51 

BrigEs, 8. W., BDtiqnitiee diBCOTered by 3')4 

Brown,. Solomon G.. trauBportatioD clerk.... ....... . . li 

Bryan, Oliver N., aotiqaitiea of Cbarlea Connty, Maryland 3Sf 

Bnckland, Frank, coIleoIioD of casta of fishes 33 

Burial of Indian sqaaw in Califomiaj aoconnt of........... . . . '■SO 

Bnnneister, Dr., specimens bom 31,32,5^ 

Campbell, Archibald, additions to coUeotionB by 30,62 

Careon, Dr., plante referred to 30 

Cases, appropriationB for 121, 123 

Cast of PboftbuB 05 

Caalaof fisLes -. 29,3;S 

Egyptian antiqnitiee 31 

birds' skulls.. 39 

Catalogae of Implements found in ancient graves in Cidiftonia 34T 

scientific periodicals, by Dr. H. C. Bolton 2G 

transactioDB of learned societies in Sniitbsmiian library 25 

Chandler, L. H., specimens from 33,52 

Chase, A. W., additions to collections by 30,5'3 

Cbaee, Hon. 8. P., change in the Board on aeeoant of death of T 

Chemical fonnolse, tables by F. W. Clarke V.'i 

laboratory, operations in 4T 

Chorea, qneries respecting . .... .... li'i 

Chnrcbes, warming and ventUalTonuf 30r> 

Circular relative to Cborea (in 

Clarke, Prof. F. W., constants of natnre 13,1(5 

Clerks, list of, in Institntion and Musenm H 

Clifford, Justice Nathan, as chain oellor of Boanl of Regents 7 

Coaat-Snrvey, esplocations and coileotions by r>3 

Coffin, Prof J. H., on winds of the globe 15,17 

Coffin, Prof. Selden J., completion of work on winds by 17 

Coggia, comets observed by *?!> 

Coleman, J. T., spacimeos from - 34,riJ 

Coleoptern, classification of, by Dr. John L. LeConte 13 

new species of, by Dr. John L. LeConte 13 

Collaborators in natural history 6, 3(i 

Collecting apparatus lent to fifteen expeditions 3'! 

Coltecfions, appropriation for preservation of Vil 

Colleges, warming and ventilation of 284 

Comets, detected in 1974 ■_ a(i 

La Place's metbod of determining orbits of ; Hi') 

research relative t4> 1^ 

Congress, appropriation by, for National Mnsenm 9 

printing of 10,EiiDO reports ordered by 'i 

Constantsofnatore, part l,apeci6c gravities, &e., by F. W. Clarke 13 

specific heat Hi 

expansion by heat for solids and liqnida in 

weight of air, &c ; Hi 

CoDtribntions to knowledge, aoconnt of :.,. iO 

Cooper, Dr. William A., specimen from .^7-.-^„„t.., 33,53 
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Cope, Professor E. D., exploratioDS by .' 38 

. reptiles anfl fiataea referred to 36 

Coppfie, Piof, Henry, acta of, M Regent 134,125,136 

elected Begent, Tic«Mr. Aetor 7 

report on Na^oDal MoBenm 136 

Copper mining on LakeSnperior 369 

CopTTight Dot taken on SnitbeoniaD pablications 13 

Corcoran Alb Gallery, Smitbaooian deposit nitb 44, 6& 

Corresponding Institntioos, uamber of foreign 32 

Cancb, Qen. D. N., minerals from 35, 53 

Cones, Dr. Elliot, collaborator in mammalogy and ornithology 6 

colleclioDB andobservatioDsby 43 

specimens from ,. ;'I0,33,53 . 

Coi, Hon. 8.8., Bct«of, asBegent 126,128 

Cresson, E. T., insects referred to 36 

Creveling, James P., specimens from 34,53 

Crustaceans, referred to S.J. Smith- 36 

Cusbing, Frank H., antiquities of Orleans County, New York 375 

specimens from 63 

Cntting, Frank H., specimens from .... . 31 

BaCosta,Dr. J. M,, ou strain and overaction of the heart 14 

Dal], W. H., collKborstor in malacology 6 

specimens from 30.3^,34,53 

Dana, Prof. J. D., elected Regent, vice Dr. Woolsey 7 

Davenpuit A.cademf Natural Sciences, explorations by 354 

Davenport, George L., statement of, relative to ancient mounds 360 

Davis, A. C., antiquities of Isle Royale ... 369 

Davy, electrical discoveries of 190 

De Candolle, A., on a dominant language for science 339 

Prodromns systematis n atn rails regni vegetabilis 269 

De laEive, Prof. Arthur Anguste, eulogy on, byM. Dnmas 184 

ou Lemstrom's observatiouson electricity 33G 

report ou transactions of Geneva Society of 

Physics and Natural History 261 

De la Rive, Charles Gaspard, notice of 185,186 

Departments. <8ee Agriculture, State, War, Navy, and Interior.) 

DeSanssure, Professor, mouograpb on American vespidEe or wasps 16 

Diebitscb, Hermann, exchange oletk 6,23 

Diptera, monograph ol^ Ortalidn family, by H. Loew 13 

Distribution of Smithsonian publications, rules for II 

duplicate specimens 36,49 

Dominant language for science, by A. De Candolle 239 

Donations. (See Library and Museum.) 

Dumas, M., enlogy on DelaBive 184 

Dundas, Urs., of England, historical manuscripts presented by. 25 

Duplicate specimens, distribution of 49 

DuPre, Prof. Warren, earthquakes in North Carolina S54 

Dwelling-houses, warming and ventilation of 310 

Earthquakes, effects on tides 216 

in North Carolina, on Fehmary 10, 1874, by PtofesaorDnPle...... 254 

Professor Henry's explanation of...... .. . 259 

records of, in Institution . ................... .......... 65 

Edwards, W. H., insects referred to 3S 
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Egyptian aotiquities, pi:egeiited to Museum , ^9 

Ekctricit; of the atroospbeTe in the arotio regions, LemstrSm 227 

De la Rive 236 

Electroplatiug, origiaated by DelaEiTS 193 

Elevations, research oa, b; Nicbolson and Gardiner ...-. 20 

EtlioH, Heiirr W., additions to collections by 30,31,32,54 

EmQrton, J. H., iaseotB referred to 36 

Eodlicb, Dr. F. M., explotatione by S't 

mineralogist of National Mnaenm. ..... . (i 

specimens from . . 35, 54 

EDgelmaDCi, Dr. Oeorge, plants referred to 36 

Engineers, United States, explorations by 36,62 

.Engravings and etchings deposited in Corcoran Art Gallery . ...... 65 

Escher, Arnold, account of, by De la EiTe 261 

Eaqninianx, ethnological collections of . 27 

Estimates for the yearl875 .' 191 

to Congreaafor museum appropriatious 122 

Ethnology, accoQOt of additions to coUectioos iu 30 



report of committee of Eegentson collection of 126 

ancient graves and shell-heaps of California, by Panl Schumacher.. J35 
accuunt of the burial of an Indian squaw, California, by W. M. 

King 350 

snoient mounds of Mercer Co nnty, Illinois, by T. McWhorter 351 

antiquities of Whiteside Connty, Itliooia, bj W. H. Pratt 351 

a study of skulls and long bones, from mounds near Albany, ItliDois, 

by Dr. B. J. Farqnhareon 361 

the sbell-bed sknil, by A. 8. Tiffany 363 

antiquities of Northern Ohio, by Dr. George W. Hill 364 

the age of stone and troi;IodyteB of Breckinridge Coonty, Kentucky, 

hyE. S. Eobertson 367 

antiqnities of — 

Isle Royals, Lake Superior, by A. C. Davis 369 

Yazoo County, Misaissippi. by J. W.C.Smith 370 

TennoBsee, by Dr. Daniel P.Wright 371 

Blount County, Tennessee, by Miss Annie E. Law 375 

Orleans County, Now York, by Frank H. Cnshiog, 37;> 

La Porte County, Indiana, by R. 3. Eoberteon 377 

Allen and Du Kalb Counties, Indiana, by E. 8. Eobertson 380 

Jackson County, Tennessee, by Bev. JpahnaHaile, communicated 

by James W. McHenry 384 

Perry Connty, Ohio, by W.AnderaoD 386 

Charles County, Maryland, hy Oliver N.Bryan 337 

Stanly and*Montgomery Counties, North Carolina,byF. J. Eron. 3S9 

Floridft.by Dr. Augustus Mitchell 390 

Florida, by John Bartram ', 3aT 

California. Southern 335 

San Bernardino CouDty ... .. . .. 350 

Florida 390,393 

Illiuois, Mercer County 351 

Whiteside Connty 354,361,363 

Indiana, La Porte County 377 

Allen Connty 380 
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Ethnology, ooti qui ties oF— 

lDdIaiia,Be Ealb Coanty ■ 380 

Huntington Conuty , 380. 

Eentacky, Breckiiiridge County... 3GT 

Maryland, CliBrleB Coonty 38r 

Miobigau.lBlB Royals 369 

Misaiasippi, Leake Coanty 370 

Yazoo County 370 

New York, Orleans County 375 

North Carolina, Stanly and MontgomeiyConnties-.... 389 

NortheniObio 384 

Oliio, Aebland CoQDty 364 

Licking County SfiE 

Perry County 386 

Orogon 335 

Tennoeaee 371 

Blonnt County 375 

Clarkaville 371 

Jackson County . 3^4 

Monroe Coonty 375 

(See Bessela'; Hayden; Powell; Wheeler.) 

Eulogy on La Place, by Arago 139 

Quetelet, by Mailly 169 

De la Give, by Dumas 184 

Everett, ProflJ. D., on nnder-gronnd temperatorea 250 

E^ciiangea, account of system ol tnteraatioDal 21 

resolution of Regeuts that aid may be received from sooietiee, &c. 93 

rnles of the system 33 

servioea of Miss Jane Tnmer 23 

eervieea of n. Diebitsch 33 

atfttistioaof 22,67,68 

Esecutive Committee, report of 118 

Expenditores aod receipts of 'Smitbaon fuud 119 

Explorations and enrveya, by Lieut. George M. Wheeler 36 

Prof. F. V. Hayden 36 

Prof. J. W. Powell 40 

Archibald Campbell ...... 42 

(See Museum.) 

Faraday, experiments of 193 

FarqubarsoD, Dr. R. J., study of skulls and bones from mounds in Illinois 3G1 

Finances of the Institution, condition of .' 9,118 

f>iah commissiou, collections by 44,45,63 

Flab, inquiry and propagation, in charge of Professor Baird 33,44,45 

Fishes, arrangement of families of, by Br. Theodore Gill, a 13 

referred to E. D. Cope 36 

Fitzhugh, jr., D. P., specimens from 34,54 

Fiugel, Dr. Felix, Smithsonian exchange-agent in Leipsic 21 

Fog-signals, Professor Henry's in vestigatioas on 44 

Foreign centers of Smithsonian exchanges SI 

eatablishmente in conegpoudeuce with Smithsonian HI 

Foreman, Prof. Edward, collaborator in ethnology 6 

Foaails, arranged in Museum 35 

discovery of. (See Explorations.) 

Foster, J. O., on moundr-builders' skulla 302 

Franklin, (ileneTal W. B., research ou Bteam-heaters 
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Fund, statemeot of the Smithsou 9,118 

Qabb, Prof. William M., speoimeiiB from 30,31,33,33,54 

Qalvaui, experimentB of , 192 

Gannett, Mr., explorationB by 39 

Gardiner, J. T., explorations by 40 

research on elevationa by 20 

Garfield, Hon. J. A.,BQOceed©d by Hon. E. E. Hoar, as Regent 7 

Geneva Society of Pbyaicsand Natural History, report on 2t)l 

Geodesy. (See Explorations. ) 
Geography. (See Explorations.) 
''^'"gf ' (^^ BiploiatioDs.) 

Gteometry. Eesearches of La Place 129 

Oil], Dr. Tboodore, arrangement of families of mammala and fishes 13 

collaborator in general zoology 6 

Glass roofs and ceilings, ventilation of 308 

Glover, T., insects referred to 36 

Goode, Prof, a. Brown, epecimena from 34,55 

zoologist of the National Mnsenni G 

Cloldsniith, Dr. H., specimens from 34,54 

Qoold, Dr. B. A,, meteorological tables printed for 14 ' 

Government exchanges, statistics of 67 

explorations and surveys, avcuont of 36 

Grant, U. 8., ex-oglda presiding oCQcer of the Institntion 5 

Gray, John Edward, on a dominant language for science S47 

Gray,Prof.A8a, acts of, as Regent .124,125,126 

elected Regent, viceProE L.Agassiz 7 

planta referred to 36 

report on National Mnsenm. 128 

OrifHn, Maggie E., recording-clerk . 6 

Gyroscope, General Barnaid's paper on 12 

Hague, Henry, additions to collections by 30 

Uaidah Indians, ethnological collections of 28 

J. G. Swan's paper on ..: 13 

Haile, Sev. Joshna, antiqnities of Jackson County, Tennessee 384 

etbnoIogioaJ specimens fmxa 31,55 

Halls of assembly, ventilation of 321 

Hamilton, James, bequest of |1,000 to the Institntion 7,8,9, 118 

Hamlin, Hon. H., acts o^ as Regent 124,126 

Harbors, tides in 207 

Hardisty, W. L., donations to Musemn from 31,55 

Harmonies of the solar system, by Prof. 8. Alexander 14 

Hart, Dr. Charles A., specimens fl'om 34,55 

Hartiog, Dr. J. E., specimens from 32,5.S 

Harvey, Ee v. M., specimens from 31,55 

Hayden.Prof.F. v., additions to collections by 30,63 

explorations and sorveja by 39,40 

Hays,Dr.W.W.,explorationby 343 

Hazelton,Hou.G.W.. appointed Regent, vioe Hon. L. P. Poland 7 

acts of, as Regent '. 126 

Heart, Dr. DaCosta's Toner lecture on 14 

Heating-apparatns, resolution asking for appropriation for 128 

Henry, Prof. Joseph, explanation of earthquakes 259 

acts of, as secretary of Board of Regents 124, ISO 

labors on the Light-Honse Board 48 

letter to Congrees tiansmitting report ^ 

report of, as SearetATj of the Institution 
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Heni?, Prof. Joseph, tniBtee of Corcoran Art Galler; 44 

investigattoQB od fog-eigoala 44 

resntla of oiperiuieDts on Bound 44 

rules for teJegrapbic announcements of astronomical diacov- 

eries 13 

Eenry.H. A.,trauBlatlonof enlog; on Qaetelet 169 

DelaEWe 184 

EeTTon, Joseph, jaaitor of National Mnseain G 

Hilgard, J.E.,on tides and tiilal action in harbors 207 

Hill, Dr. G.W.,antiqniti«8 of Northern Ohio 364 

approval of Newcomb'e paper on planetary motion 13 

Hoar,non.E.R,actBof, asReKent 124 

appointed Ref^ent, vice General Garfield 7 

HoepIi.U., Smithsonian exchange-agent at Milan 11 

Holden, Dr., iuaects referred to 36 

Hospitals, wanning and ventilation of 297 

Hubbard, Lien t. E. 6., ethnological specimens from... 31,56 

lUastrations to Bessels'a report, appropriation lor 47 

Indians, 

Blackfeet 43 

California - 350 

Dela wares . — 365 

Go-8i-Utes , 42 

Oroa Ventres 43 

Haidah,G. J. Swan's paper on 13 

North Assinaboines ■. 43 

Fiegans 43 

Eiver Crows 43 

Sacs and Foies 360 

Sioni 43 

U-in-tats, Unitah-utes, 8enr.a-rits, She-be-richee 41 

Wyandotte 365 

(See Ethnology.} 

Iiidiaii vocabularies received from Wheeler expedition - ■ 66 

Ineqnali(y in mean motions of Jupiter and Satnm 144 

Insects, directions for collecting and preserving, by A. 3. Packard, Jr 13 

referred to Messrs. Packard, Scndder, Edwards, Oatensacktin. Uhlcr, Ulke, 

Stretch, Cresson, Thomas, Glover,Emerton,Holden 36 

Institution, list of Kegents and members ez o^cio 5 

lustruuienta for meteorological obBervations BO 

Interior Department, explorations by ......39,49,62 

Investigations. (See Researches.) 

Isothermal maps by Schutt, poblishcdby Smithsonian Institntion 17 

Jackson, W. H., explorations by 39 

James, Mr., plants, referred to 36 

Jenkins, J. H., deposits of ethnological specimens by 31,56 

minerals from 35,56 

Jen ks, Professor, specimene from „ 3*2, B6 

Jones, Dr. Joseph, antiquities of Tennessee, by . 14 

Journal ofBoard of Regents I!i4 

Jouy, P. L., specimens from 32, M 

Kanitschatk 3, specimens from 39 

Kerrick, L. H.,apcjcimensft'om 32,56 

KhciUvo of Egypt, donations from ... 31 

King, W.M,, account of bnrial of Indian sqnair 350 

I. ■■, ii'C.ooi^lc 
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Pajre, 

KjokkeD-muddiogi in Califoroia 335 

Kron,T. J., antiquities of North Carolina 389 

Laborator; of the luatii-ntion, mvestigatiuusin 47 

IiaMuuyon.Mr.iSpooinieDBfroui 32,56 

Language, adomioaDt, for science, De CaodoUe's 239 

La Place, eulogy OD, by Arago 139 

Lartet, Piofcsaor, aotiqaltiea from .^ 31,57 

Lawrence, George N., birds referred to 36 

Law, Dr., specimens from 33,57 

Law,Miaa Annie G,, antiquities of Blount County, Tenneasee . . -. . 375 

LeCoute, Prof John, conatante of nature 16 

LeCoDte,Dr. John L., new species and classification of Coleoptera 13 

Lecture-rooms, ventilation of 321 

Loecb, Daniel, Gorrespondiug clerk of tbe Institation . 6 

Iiee, Col. F. L., specimens from . 34,57 

Lefro J, General J. E., donation of manuscripts from Mrs. Do ndaa, through 25 

Lemstrom, Prof Selim, observations on electricity and the aurora 227 

Letter from Secretaty to Congress transmitting report 3 

Oeoeral Shermau resiguiot! Begency 124 

Napoleon 164 

Library of Congress and Smithsonian library 23 

catalogue of " TrauBoctioiiH of learDedBocielies" in 25 

Library, donations tu, from — 

Argentine Confederation . . 24 

Board of Admiralty, London 1:4 

British Mu Be uni, London , . 24 

Central Bureau of Statistics, Stockholm , 25 

Company of Pulilic Works of the Mediterranean 24 

Hydrographic department of Ministry of Marine, St. Petersburg 24 

Icelandic Literary Society . . 24 

Imperial Archffiological Commission . . 24 

Medico-Ctairargicat Society of Modena 25 

Ministry of Agriculture, &o.,Eome 25 

National Hungarian Museum 24 

Norwegian Govern men t 2.1 

Overyasel Society for Promotion of Provincial Welfare, Zwolle 25 

Boyal Statistical Bureau, Copenhagen .. .. ..... 25 

State library of Virginia , .. .. 25 

Stuart, Robert & Alexander, Ner^ York „ 25 

Uuivetsities of Europe 24 

Vetoriuary School, Dorpat 24 

statistics of, for year 1874 23 

Ught-Huuse Board, Professor Henry, chairman of committee on experiments. . . 4S 

labors for twenty years unremonerated... 48 

Lightning, work in progress on 17 

List of publications of the Institution . ., 14 

Loew,Dr. Oscar, chemical laboratory in charge of. 47 

analyses of m ineral- waters, &c., by 36,38,47 

LoewH., monograph of Diptera 13 

Lyceums, warming and ventilation of . 284 

Maclean, Kev. Dr. Jolin,Eegent of the Institution , 5 

member of esocutive committee 5 

Magnetism, records of, in Institution 86,90 

Mailly, Ed., eulogy on Quetelet 169 

Malacology, W. H. DatI, collaborator in 6 
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Mammals, arrangement of famiUesof, by Dc. Theodore Qill 13 

Tefened to H.and J. A. Allen and Di. Sclater '36 

Mauigault, O. £., specimens from 33,57 

Manofactories, warming and ventitation of 290 

ManascHpts from Hre. Uondas, account or, b; Mr. Spoffoid 25 

MariDe invertebratoB, referred to A. E. Verrill 36 

Maraball, Lieut. W. M., BurveyB by ,. 37 

Marrin, A. B., bxploratioas by .... 39 

Mawu, Prof. Otis T., coUalwra tor in etbnology 6 

Materialigni, doctrines of 192 

Mather, Frederick, speeimenafirom 34,58 

Manriti U8, specimens from ., . 29 

Maxwell, Mre. M. A,,Bp©oimen8 from 32,58 

McBriile, R. W., eiploratioQS by 381 

McHenry, James W., antiquities of Jackson Coonty, Tennessee 384 

McReyuolds, W. T., specimens from 374 

McWhort«r, Tyler, ancient mounds of Mercer County, Illinois 351 

MScaniqneC^este.eipoBition of La Place's 129 

Meek, Profl F. B., collaborator in the in vertebrate palieontology g 

specimens from 33,58 

Meigs, General M. C., ethnol<%ica1 specimens from 31,58 

Members «i ojicio of the Institution 5 

Meiallnrgtcal collection of the lost itntiou 35 

Meteorology, claasilied record of, anrorae .- T7 

instruments 80 

meteoiB 81 

miscellaneonB 85 

rain 83 

wind 85 

local 87 

Africa 87 

Australia 88 

Central America 8'^ 

Europe 89 

North America 90 

Polynesia 115 

Sonth America 115 

Weet Indies 116 

transfer of Smithsonian system to United States Signal-Office 16 

(SeeBessels; Quetelet; Wheeler; Hayden; Powell.) 

Meteors, records of, in Institution 81 

Microscopic material referred to Measrs. Smith & Seaman 36 

Milaer, James W.,new species of fish described by 28 

shad hatching and distribution hy '. 46 

Mineralogy. (SeeEndlich; Explorations.) 

Mineral-waters referred to Doctor Loew . 36 

Minerals, examination of. 35,36 

Misoellaneous cot lections, account of 10, 11, 13 

Mitchell, Dr. Aug., antiquities of Florida 390 

Mitchell, Dr. S. Weir, queries by, in regard to chorea 66 

Mont Blanc, De la Hive's studies of J99 

Mounds. (See Ethnology.) 

Mountains, effect of vapors on 199 

Muller,F., Smithsonian exchange-agent in Amsterdam. 



-;1c 



Maseatu, National, list of offlcera aod ctsslBtantB in .' 6 

sdditiona to collections in lSr4 50 
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Kavf Department, deep-aea sonndings 46 

BiploratioDH by 46,62,63 

Navy of United States, collections made by 29 
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New comb, Prof. 8., on general iutegralfl of planetary motion 13 

on orbit of Uranus 12 

Newton, Prof. H. A., approval of Newoomb'a paper on planetary motion 13 
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Ostenaacken, Baron B., insects referred to 36 

Ozone, De la Hive's theory of , 197 

Packard, Prof. A. S., jr., directions for collecting and preserving insects 13 

insects referred to 36 

Pagensteeker, Professor, specimens irom 31,55 

Paintings deposited in Corcoran Art Gallery 65 

PalEBontology. (See Wheeler; Hayden; Powell; Meek; Geneva Society.) 

PaliBa,M., asteroids discovered by 26 

Palmer, Joseph, taxidermist of the National Miisenm 6 

Parker, Hon. Peler, acts of, as Begeat 124,125,126,128 

report of executive committee 123,126 

Pendclum, General Barnard's paper on . 12 

Periodicats.catalogueof scientific, by Dr. Bolton 26 

Perrotin.M., asteroids discovered by 26 

Peters, Dr. C. H. F., asteroids discovered by G6 

Phinney, Captain, specimens from , 34,59 

Photographic laboratory in charge of T. W. Smillie 47 

Photography. (Sao Wheeler ; Hayden ; Powell ; Smillie.) 

Physics, report on Geneva Society transactions 261 

Pike, Capt. H., specimens from : 30,34,59 

Planetary motion, general integrals of, by Prof. S. Newcomb 13 
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and Carson 36 

Poey, Prof, Felipe, specimens from 34,59 
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Precession of the equi noses. General Barnard's paper on H 
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Privies, ventilation of .~. 318 

Probabilities, La Place's theory of 163 
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Qneseda, John, specimens iiom 33,59 
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resolotion adopting report of eiecotive committee.. 126 

lesolation adopting report of Committee on Mnaeum 126 
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apparatus 128 
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Secretary 128 

BsligioD and science, Dela Biveon 203 

Repayments to Smithson fnnd 120 

Report of De la Rive on Geneva Society transactions 2C1 

of executive committee 118 

of Prof eseor Henry, Secretary, for tbe year ll:i74 7 

printing of ten thousand five hundred estras ordered by Congress 2 
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to British government on claims of those loyal to British Crown during 

revolutionary war 35 

Reptiles referred to E. D.Cope - 30 

Research, plan of original 6 

Researches, account of .. ... 16 

comets, by Prof. O.Stone 18 

elevations, by W. L. Nic'holsou and Mr. Gardiner 20 

meteorology . 17 
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steam-heaters, by General W. B. Franklin and 0. B. Richards 19 

ReuBS, Dr., specimens from 33,60 
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Revolutionary claimants, loyal to British Crown 25 
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Richards, C. B., research on steam-beaters , ,. 19 

Ridgway, Rol>ert, ornithologist of National Museum 6 
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Rothrock, Dr. J. T., natural history explorations by 37 
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Royal University of Norway, CAri«(iania, SmithsonisD eiohaoge-AgeDoy. ....'... 21 

Rules of distribution of Smithsonian publications ..^. 11 
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RnsBplI, 'Mi., BpecimenB frora . ...i 34,60 

Saiut Vitos'e dauce, qaeriea in regard to ■ 66 

Sulmon-bntching, by United States Fish Cominiwion 46 

Samoan lalanda, Bpecimens from ..-.- ...... .... 29 

Saodberger, Mr., ehelle referred to 36 

Saodeloue amjw-heada ....; 384 
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SchuU, Charles A., temperatare-tables, by 16, 17 
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Science and religiou, De la Rive ou • — 20)) 
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Do CandoUe on a dominant language for 239 

Solater, Dr., mammals referred to 36 

Scudder, S. H., insects referred to 36 

Seaman, I'rof. W. H., microscopic material referred to 36 

Shad-hatcbing, by United States Fisb Commission — ... 4i 

Shell-heaps. (See Btbnoloe;) 
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Signal-Service United Statos Army, collections by 63 
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Skull, shell-bed, by A. S. Tiffany 363 

Skulls, study of, by Dr. R. J. Farquharson 361 

Slack, Dr. James H., shad-hatching by 46 

Smillio, T. W., photographer of National Museum 6,47 

Smith, Captain, dredgings from _. 35 

Smith, Prof. Ham. L,, microscopic examination of soundings 35,36,40 

Smith, J. W. C., antiquities of YaEoo County, Miss 370 

Smith, S. J., crnstaceans referred to 36 

Smithfauu, bequest of, and condition of fund 9, IIB 

Snyder, Dr. J, F., ethnological specimens from 31,61 

Solar system, harmonies of, by Prof. S. Alexander 14 

Somerville, Madame, account of, by Delia Rive 361 

Sound, Professor Henry's investigations relative (o 44 

Soundings, deep-sea, by United States Fish Commission 46 

Navy Department 46 

Specialists to examine natural-history specimens 36 

Specific gravities, tables by F. W. Clarke -" I3 

heate, tables by F. W.Clarke 16 

Spinner, Gen. F. £,, acknowledgments to, for fiuanci^ arrangements 10 

Spofibrd, A. R, account of the Dundas manuscripts 25 

Squeezes from Egyptian antiquities received 29 

Squier, E.G., antiquities of Orleans Connty, New York 375 

Stables, ventilation of. 331 

State Department, United States survey, by Archibald Campbell 43,62 

Statiabics. (See Quetelet, Exchanges, Museum, and Library.) 

Stoaiii-heatere, efficiency of, research ou, by Gen. W. B. Franklin and C. B. Rich- 
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